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16120 FARES FOR METERED RIDE SHARING VEHICLES et 
KEY WORDS: Calculations; Cost analysis; Cost sharing; Distance; Fares; = 
| Meteings Meters; Pricing; Taxicabs; Taxicab usage; Time factors; Urban 
| ABSTRACT: An analytical relationship is presented which expresses more accurately 
: _ the metered taxi fare as a function of both the distance traveled and the time elapsed 
through meter incrementing. The analytical framework is used to derive further 
ae among parameters of shared ride service. The application of such an 
approach is also evaluated regarding automated fare calculation for exclusive ride taxi 
and shared ride transit in advance of a trip (when the distance and time for the ~? 
can be reliably estimated). In the application, reliable distance and time estimates are 
| gins from a data base originally generated from geographic and travel data files 
. developed by metropolitan organizations, and continuously enhanced through trip data 


REFERENCE: David E.., ‘Au, Tu Tung, and Baumann, Dwight M. “F “Fare 


_ Calculation for Metered Ride Sharing Vehicles,” Transportation Engineering Journal, 
ASCE, Vol. 107, No. TE2, Proc. Paper 16120, 1981, 105- 


16125 LAND SUBSIDENCE AND EARTH FISSURING nat 


KEY WORDS: Aerial photography; Arizona; Fissures; Geological surveys; 
Geologic investigations; Geologic structures; Groundwater Rana: 
subsidence; Monitoring; Transportation problems : 
ABSTRACT: Land subsidence and earth fissures in central Asizona. are geologic 
“hazards being monitored by aerial photography. Ground-water level declines of 200ft ~ 
_ 400ft (61m - 122m) in the past 30 yr have caused subsidence of 2ft - 12ft (0.6m - a 
3.7m) in several areas , totaling hundreds of square miles. Earth fissures—tensional 
-cracks—appear 1 near the margins of these areas. Subsidence is continuing in these areas 
and appearing in others. The number of fissures mapped is also increasing. Both — 
_ subsidence and fissures, once confined to the rural —_— anee. are now found in 
suburban and even urban locations. ighw ilroads, 


aa Scott, Lewis E., “Land Subsidence and Earth Fissuring in Central a 

Arizona,” Transportation 1" <1" ie Journal, ASCE, Vol. 107, No. TE2, Proc. Paper 


16132 DESIGN AND ACCEPTABLE WIND Anta 


KEY WORDS: Buildings; Climatology; Comfort; 
Microclimatology; Pedestrians; Pedestrian safety; Wind; 
"Windbreaks; Wind chill; Wind forces; Wind pressure; Wind acai 
ABSTRACT: The comfort and safety of pedestrians has boon eaiiateed, by designers 
_ because few criteria exist on acceptable wind velocities and it is difficult to predict the 
climatic characteristics around proposed buildings. Available information on wind 
_ effects on pedestrian comfort and safety are summarized. The mechanical effects of 
' wind on comfort are now better understood than the thermal effects of climate. — 
on values of wind speed become the criteria to determine whether a space is 
comfortable or safe over time, and allow judgments to be made about project 
acceptability. Microclimatic-prediction techniques are explored, as are procedures for ats 
the probability of a Proposed pedestrain area being uncomfortable or 
_ REFERENCE: Arens, Edward A., “Designing aren an Acceptable Wind Environment, 
a Transportation Engineering Journal, ASCE, Vol. 107, No. TE2, Proc. Paper 16132 
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16122 DOWNGRADE SPEED AND HEAVY 


ABSTRACT: The characteristics of heavy vehicles on downgrades are analysed. 
i _ The analyses were made by field observations of truck speeds on six rural two- lane 
| downgrades. Loaded trucks considerably reduced their speeds at the beginning of 3 
| downgrade. The amount of reduction, termed the approach-speed gradient, was ae 
x + to the length and~ slope of the downgrade, the second variable “contributing — 
| exponentially to the increase in gradient. Buses and empty ‘trucks increased their 
' Speeds at the downgrades studied. Using a previously developed model, which is As 
- on delay measures and the speed distribution of trucks and passenger cars, — 
# 
| REFERENCE: Polus, Abishai, Joseph, ‘and Grinberg, Izhak, 
| Characteristics of Heavy Vehicles,” 
107, No. TE2, 16122, 1981, pp. 143-152 
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TIME, AND ROUTE ASSIGNMENT 
WORDS: Commuting costs; Commuting patterns; Models; Peak 
Route Routes; Time factors; Time spent driving; 
_ ABSTRACT: The Destination Target Time (DTT) is the time a commuter wishes wo f 
arrive at his destination. How the DTT affects a commuter’s choice of departure time “« 
_ from home and his route for travel during the morning peak period is examined. A 
_ model for predicting the combined temporal distribution and route assignment ate 
traffic during this period is presented. A commuter attaches some perceived costs to 
_ late and early arrivals at his destination and also to delays in the system. The model is. 
s developed by assuming that a commuter selects both his route for travel and departure 
- times from home in order to minimize his total cost. An approximate algorithm is then ea 
4 _ developed from this model for practical application purposes, and illustrative org 


| are also presented 
REFERENCE: Alfa, Sule, “Time-Dependent Route Assignment of Peak 
| Traffic,” Transportation Engineering Journal, ASCE, Vol. 107, No. TE2, oe gta 


16130 DY NAMIC PAVEMENT 


ABSTRACT: In 1977 was developed to evaluate “pavement: 
| pina using dynamic (Road Rater) deflections. Since then, additional research 

has resulted in modifying the procedures. The procedures presently used to evaluate 
i flexible pavement structures are explored, and background information is included on 
. various procedures used by others. A sample set of data is presented and evaluated. A 
| key to the adequate design of an overlay for any pavement structure is to be able to 
< determine reasonable values for design parameters that represent the condition of the © 

existing pavement. A discussion is included on how the analyses of dynamic socae 

deflections can be used to design overlays and to manage 
4 = REFERENCE: Sharpe, Gary W., Southgate, Herbert F., and Deen, | Robert 
roe “Dynamic Pavement Deflections, ” Transportation Engineering Journal, ASCE, V 

107, No. TE2, Proc. Paper 16130, March, 1961, pp. 167-181 
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ATED BASES aa - 
WORDS: A ‘Asphalt Asphalts; ‘tensile 
trength tests; Mixtures; Pavement bases; Pavements; Resilience; 
| ABSTRACT: A laboratory investigation was performed to characterize cold mixed — 
{| asphalt emulsion treated bases. Indirect tension, resilient modulus, Hveen and water 
t damage techniques were used in the mixture evaluation. The effects of aggregate type _ 
| and gradation, added moisture content, asphalt emulsion content, and temperature | 
| were determined. The mixture was characterized at different curing conditions in the 
| field. The effect of temperature on the tensile and resilient characteristics of the 
| mixture is apparent. In addition, curing increases both the tensile strength and the 
| _ resilient modulus of the mixture. Reasonable correlations are found between the © 
} _ indirect tensile test and the resilient modulus test results. Vacuum saturation has some — 
! effect on the tensile and the resilient properties of the mixture. Other asphalt emulsion a 
' _ mixture properties such as density, retained moisture content, and air voids are 
' REFERENCE: Mamlouk, Michael S., and Wood, Leonard E., “Characterization of 
_ Asphalt Emulsion Treated Bases,” Transportation Engineering Journal, ASCE, Vol. 
™ No. TE2, Proc. Paper 16141, March, 1981, pp. 183- 196 


16143 MIDTOWN MANHATTAN SURFACE : 
KEY WORDS: New York; ‘Parking; Pedestrians; 
_ Transportation models; Transportation planning; Transportation studies; aa 
_ Transportation system costs; Urban buses; Urban traffic flow; Urban 


_ transportation jem » Sof the Urban Mass 


ABSTRACT: Low cost capital improvement techniques can be 1 used t to improve the © 


efficiency of surface transportation systems as demonstrated in New York City. A 
project was undertaken to improve air quality in midtown Manhattan by redesigning 
_ vehicle usage and promoting transit. To assist in the evaluation of Midtown’s surface J 
_ transportation system, a conceptual model was developed with modal, operational and ff 
_ physical elements. All aspects of the movement of persons and vehicles were 

_ investigated and an overall circulation plan was developed. A number of projects were 

- selected for demonstration to indicate the effectiveness of the various strategies in 

improving the efficiency of the transit system. 

REFERENCE: Kraft, Walter H., and Schwartz, Samuel L., “Midtown Manhattan 
Circulation and Surface Transit Study, and Demonstration Project,” Transportation 
| Engineering Journal, ASCE, Vol. 107, No. TE2, Proc. Paper 16143, March, 1981, pp. ‘ 
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KEY WORDS: Allocation models; Allocations; Cost allocation; Cost 
analysis; Public transportation; Public transportation costs; Public 
transportation management; Regional planning; Rural transportation; 
1 ABSTRACT: A methodology was developed to aid in the selection: of procedures to — 
_ allocate regional transit costs among participants. The methodology provides a means — 
for comparing a variety of allocation procedures, based on the equity of the cost 
allocation and the cost to use the procedure. Measures of equity were developed to 
_ allow comparison of each procedure with a prespecified “ideal” allocation. Data from a 4 
100% sample of a regional transit service in Barnstable County, Mass., were used to 
illustrate the use of the procedure. Ten procedures were analyzed, each having — 
different variables, data sampling frequencies, and weighting coefficients. The 10 — 
procedures were compared to an allocation based on each participant's individual cost. 
Results showed that use of the methodology allowed elimination of several allocation. 


REFERENCE: Male, James w., Collura, John, and Shuldiner, Paul W., “Allocating — 
Public Transit Costs Participants? Journal, ASCE, 
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16146 BURIAL DESIGN FOR FLOW CROSSINGS wanes 
loser WORDS: Buried cables; Buried pipes; Buried structures; Cables; 
Coastal engineering; Estuaries; Inlets Pipelines; Scouring; Tidal 
ABSTRACT: Design criteria for burial date (for submarine pipelines, cables, 
_diffusors, etc.) across tidal rivers, estuaries and inlets are examined. For the case of 
shallow, alluvial tidal rivers and estuaries, , design computation based upon real- ihe 
records is suggested. Numerical hydrodynamic models may be used to fine the — 
- instantaneous flow depths and velocities. The corresponding tractive stresses can then us 
_ be computed tor peak velocities by assuming 2 logarithmic velocity distribution. ent 
_ tidal inlets, additional considerations must be given to the effects of waves on sediment — 
_ transport near the seaward end of the inlet. A relationship for predicting the maximum — 
- scour depth in a new inlet as a function of the spring tidal prism is proposed. For 
- inlets that are to be modified, the expected change in the maximum depth due to 4 
change in the tidal prism can be computed. 


REFERENCE: Graham, Donald Steven, and Mehta, Ashish J., “Burial Design a 


_ for Tidal Flow Crossings,” Transportation Engineering Journal, ASCE, Vol. 107, No. | 
TE2, Proc. Paper March, 1981, pp. 227-242 
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The paratransit was first legitimized as a form of public transportation when 


~ in January 1975 it was briefly described in the guidelines for the apportionment — i 
_~ program of Section 5 of the Urban Mass Transportation Act (2) and in n Septembe 


ment nt requirement ‘of the joint FHWA- UMTA Planning Regulations (5). Paratransit [ 
is defined as any public transportation service that falls between private 
= and line haul (fixed-route, fixed-schedule) transit service. The most 
_ significant characteristics of paratransit are door-to-door service, demand respon- 
scheduling, and shared use of vehicles. & Me 
Taxicab operators have traditionally played a dominant role in providing — 
door-to-door demand responsive service. However, the problems of converting a 
= ride to shared ride service are complex, and fare structure is perhaps — 
é most crucial factor influencing the success or failure of shared ride in % 
<_ competitive market. A conventional electromechanical taxi meter records data rf 
7 for exclusive ride fares, but it cannot record Sdognate data for calculating s shared 
a ride fares. The zone fare concept has been used to alleviate customer fears — 
of overcharging based upon circuitous routing as well as to provide a “a 
_ for shared ride fare calculation. With rare exceptions (Washington, D.C. being 
a notable one), however, zone fares exist primarily in small cities and rural | 


ign 
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¥ areas s because the 2 zone boundaries in ee cities a are not easily recognizable 


users are eager to werey the fares quoted by the drivers, but are incapable ti 

of doing so. Thus, the concept of incorporating travel distance and time a 

- fare calculation, as represented by the conventional mechanical taxi meter, 

remains attractive to the users, Providers and regulatory bodies as a fair and 

equitable solution whether the ride is exclusive or shared. 

a: This paper presents an analytical relationship which expresses more e accurately Fix 

the metered taxi fare as a function of both the distance traveled and the time 
; elapsed through meter incrementing. The analytical framework is used to derive 

- further relationships among parameters of shared ride service. The paper = 


or otherwise affluent, but | proves to be least successful when the. = 


the distance and time for the trip can be reliably estimated. In the application 
described, reliable distance and time estimates are obtained from a data base 
_ originally generated from geographic and travel data files developed by metropoli- 
tan planning organizations, and continuously enhanced through | trip data collec- 


Let F, be the fixed portion of the fare which is the initial charge for the 
flagdrop when a rider boards a taxicab, and let CN be the variable portion — 
of the fare in which N = 

a ride; and C = the incremental rate or unit cost. per meter ‘tripping. ‘The meter 

tales itself when either a specified distance increment 8 or a specified time — 
increment + is reached first. The conventional metered taxi fare is therefore 

: ‘The vehicular traffic in congested urban areas is characterized by fast and 


_ Slow movements as indicated by the trajectory of a vehicle with respect to +4 
_ position and time in Fig. 1. The instantaneous velocity v y of a vehicle at any - 
point is given a by the slope of the trajectory dx/dt at that point. In the case -- 
_ of fast movement of the vehicle when v > 8/7, the meter trips itself for every poo 
_ distance increment 6, and the point (x, ,f,,) representing, respectively, the position _ 
and time of the nth tripping of the meter is determined by the travel distance. 
a the case of slow movement when v < 8/1, the meter trips itself for every 
time increment t, and the point (x,t, ) is determined by the time lapsed. Thus, 
- during a ride of total distance X and total time 7, it can be expected 7 ¥ 
the meter reading is determined by a combination of distance segments and 
time segments. Then, the total fare F is equivalent to a linear combination — 
of X and 7, with A and B assigned to distance and 


in which A is expressed in 1 cost ‘per mile; and B in cost per hour. an > aa 


a 
| 
or exclusive ride taxi and shared ride paratransit in advance Of a trip when 4 : 
4 
| 
a 
q 
q 
| 


RIDE SHARING VEHICLES 


er 


«AIG. 1.—Trajectory of Vehicle Location with Respect to Distance ai and Tim Time: e: (a) Fast ff 
(b) Slow Movement 


FIG. 2.—Idealization of Trajectory in Crawl-and-Go Traffic; At 


V; (b) AtA li 
. Speed | ; (b) t verage C Crawling Speed U 


4) 


i and B may ‘may y be regarded as fare (or revenue) per ae mile and vehicle 


e The weighting factors A and B are e dependent « on the traffic conditions, and P 


% is properly taken into consideration. It has been previously suggested by the ad 
1 writers (3) that urban traffic can be approximated by the stop-and-go —— : 
under which the vehicle is either moving at a constant speed or is stationary. 
_ This paper presents a more accurate mathematical formulation by characterizing 
urban traffic as periods of crawl-and-go representing slow and fast movements | 7 
: in an idealized trajectory of a vehicle with respect to position and time as 
_ shown in Fig. 2. In this idealization, the vehicle is moving either at a constant 
fast speed V>8/tora slow speed U <= 8/7 fora set of predetermined 
values of 8 and +. In reality, V may be regarded as the average running speed ; 
of fast movements and as the average crawling speed of slow movements 
‘Let N, be the ‘number of ti times that the | meter trips itself on the basis of al 
7 distance increment 8, and let N , be the number of times that the meter trips > 
4 itself on the basis of time increment + during a ride, such that N, + Nu 
Let X y be the total ‘distance travelled at velocity V > 8/7 and 1 Ty , be 
the total time lapsed at velocity | V. Also let X,, be the total distance travelled 
at velocity U = 8/r and T,, be the total time lapsed at velocity — U. Since 
_X,and T, approximate the values of total distance and total time respectively 
; for the largest integer Ny» and X,, and T,, — the corresponding values 
_ for the largest integer Nu, we note X,=N,8, T,= X,/V and Xy = =T,U, 


X= Xy=Ny 8+Ny TU 


oot 


“since the total Kida! hits meter trippings is N = :Ny + Ny 


“a 
an He determined Oniv if the traieciory OF 4 Vvenicie in such traitic Condition 
= 
7] 
fos 
7 


Substituting Eq. 6 6 int to 1 we | get 


Comparing Eqs. and 1, ‘it is seen that A = Ca and ‘B= = Cb. Thus, 
= A/C and b = B/C are weighting factors for distance and time, respectively, 
which are independent of the incremental rate > 

For the special case of ‘stop-and- we have 5 


| 

fir which are identical to the results previously obtained (5). Thus, the iil rhe 

can stillbe calculated by Eq.7, 
It is sometimes convenient to ‘express the total fare in terms of the distance 
rate R,, (cost per = and the time rate R, (cost per minute) by noting | that 
= C/d and R, By ‘substituting Eq. 5 i 5 into Eq. and 

observing thes d R,, weg 


4 
“ideal” taxi costes which trips c ontin Rave the limiting 
that ~~ 0 and + — 0. Consequently, 


Then, Eq. 9 yields the total fare for a given set of values of U and V without | 
necessity of considering a finite incremental rateC. ody, 


or Anatyvica. RELATIONSHIP % smolts © oF 
- Ss In a taxi meter, 5 and + are predetermined, and U and ath the only unknown © 
quantities associated with the weighting factors a and b in Eq. 5. It is therefore 
appropriate to examine U and V in detail. In the idealization of the trajectory 
of vehicle location, the vehicle has been assumed to riove either at a constant — 
fast speed V > 8/t ora a constant slow speed U < 8/r. In reality, there — 
be many fast movements of varying spout interposed by slow movements 


ny 


&g 
m=: 
3 
6 
= 
| 


of varying (including ‘complete all movements 
or slow movements in a trip can be averaged to obtain the average running ~ 
speed V and the average crawling speed U, respectively. In Fig. 2, e.g., a he 
x _ Stretch of slow movements is followed i by a stretch of faster movements, which 
is in turn followed by another round | of slow and fast movements during the 
trip; thus, two stretches of U and V each are shown in the trajectory. Then, 
the total <mane X, traveled at the average crawling speed U is the sum 
of X‘, and X7,, and the total time elapsed Ty while traveling at the average 
_ crawling speed ‘U is the sum of T, and T%, . Similarly, the total distance X, 
traveled at the average speed vi is the sum of X', and X”, and the total time 
elapsed Ty ‘while traveling at the av ge running speed Vis the sum of Ty and 


FIG. 3. —Variation of for Di 
if the travel speed data are collected for a large ‘number of rigs. in ‘urban 
traffic, the average speeds U and V computed on the ‘basis of such data will | 
provide reasonable approximations for fare calculation. 
_ To evaluate the effects of U and V on the weighting factors a and b for - 
the predetermined values of 8 and 1, let 8 = = 1/6 mile (0.27 km) and *y ae 
1/60 h. Then, the variations of weight factors for distance and time with vehicle 
‘speeds are shown in Figs. 3 and 4, respectively. Note that 8/t = 10 mph > 
s @€6©>. (16.1 km/h) has been used as the dividing point for U and V,i.e., V > 10 — 
# mph and U = 10 mph. Then, for U = 5 mph (8.05 km/h) and V = 30 mph 
3 which are values ones traffic, it is found 


| 
q | 


3 and to adapt fore to wavel 
__ The conventional taximeter, when adapted to shared ride paratransit, would — - 
accumulate passenger | fares on the basis of discounted distance and time rates. 
_ The attraction of shared ride is fare reduction, and its profitability is increased _ 
‘fevenue per vehicle mile and vehicle hour. objectives of reducing fare 
s =€6--——s While: increasing revenue when converting from exclusive ride taxi service to 
A shared ride paratransit are affected by fare rate discount as well as by vehicle — 
occupancy and route deviation. Simplified relationships representing these effects 
can be derived by considering the | average values of vehicle o occupancy, and 


_ Toute deviation and by assuming the equivalence of distance averaging and _ 


ours 


iting factor, b, for time, in 


tunning speed, V le in miles per hour 


bas 


* Let s denote ‘average vehicle « occupance. Then, s is the ratio of passenger — 
distance (or time) to vehicle distance (or time). For exclusive rides, ~ 
4 and passenger distances (or times) are equivalent. Let g be the average route i ' 
Za . deviation multiplier. The distance X traveled for an exclusive ride is equivalent — 
to passenger distance qX and vehicle distance gX/s in the case of shared ride : 
for the same trip. Similarly, time T for exclusive service is equivalent to passenger 
“time qT and time g7/s for shared service. These definitions and Eq. 


ds 
= ib qiu tne aigho 
is satisfied in the long run when 


MARCH 198100 
are used to develop Table | in which r represents the fraction of fare rate | 
Table 1, shared ride variable fare is expressed as discounted exclusive 


. 


in which 0<r<il; ond q> 1. The ratio of shared ride revenue per \ vehicle ; 
distance (or to the quantity for ride is 


- To illustrate the use of Eqs . 11 and 12, suppose that in conversion to chered 


| 4 ride paratransit, , variable fare is to be reduced 1 by 20% b (f = = 4/5) 3 and revenue 


‘per mile and per hour are to remain the same (p = 1). _ Assuming ne 

7 deviation of 20% (q = 6/5), the mk fare rate should ee set at 
iS TABLE 1. .—Comparison of nd Shared Trip 


a 
Revenue per vehicle mile at 


— 67% (r = 2/3) while the average vehicle ele coengenry must be 1.5 (s = = 3/2) ; 


Automated fare calculation relies upon knowledge of point- to-point travel 

- distance and time. Geographic data files, such as those based on the Census 

7 Bureau GBF /DIME system, generally i include state plane coordinates and traffic 

_ zone numbers corresponding to street addresses. Travel data files, such as those — 
developed by metropolitan planning organizations provide distance and time 

between zone centroids as well as centroid coordinates. Thus, for specified 
(trip origin and destination, trip distance X and _ T can | be estimated and mee 


4 used as in Eq. to calculate trip fare. Wire 


- Such files, however, can be used to generate the original information in an q 

adaptive data base. Through trip data collection, the data base as well as fare 
calculation parameters can be continuously updated and 
_ Trip data collection can be done by means of taximeter counters which record 

travel distance X, travel time 7, number of meter trippings due to distance es 
ON y» number of meter trippings due to N ,, and the number of passengers onboard. 


—— values of x and 7 are used to adapt the o Gata base to travel conditions. 


| 
| 
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a mare values Sof xX, T, Ny. at’ N, can be used to solve for U and V in 
— Egs. 3 and to adapt fare calculation to travel conditions as well. In addition, — 
data collected from actual trips can keep ru running averages of vehicle occupancy 5 
= route deviation. Such averages find use through Egs. 11 and 12 in as ie 


An experimental computer-based system to compute automatically and display, 
in advance, fares and estimated trip times for exclusive and share taxi services 
has been developed at Carnegie-Mellon University (1). The complete hardware — 
and software packages for providing such capabilities are collectively termed 
4 the Ride Shared Vehicle Paratransit (RSVP) system. The system includes central 
“ and vehicle hardware which supports two-way digital communication Hw 
_ the control center minicomputer and the taximeters. The communication link 
oy used to transmit precalculated fares to taximeters as well as to collect tip 
_ data. The RSVP ‘Software consists of processing routines for data base e manage-_ 
ment, vehicle communication, and fare calculation. The data base was ——— F 
i geographic and travel files originally developed by the Southwestern 
3 F - Pennsylvania Regional Planning Commission (SPRPC) as an aid for transportation 
planning. The time and distance data for a number of actual taxi trips have | 
been collected and statistically analyzed to validate the original data. The fare 
4 calculation procedure is also being validated by comparing computed fares with | 
“meter fares obtained from taximanifest, 
_ Fare for exclusive ride taxi is calculated on the basis of estimated trip distance | 
x and trip time 7. In the case of RSVP System shared ride taxi service, the 
; a fare for each passenger is based upon a discount from the fare which would 
4 be charged if normal taxicab s service has been requested. Therefore, ——s 


destination request group taxicab service, the total fare is a discounted fare 
for one person, plus a surcharge for each additional person in the group. Since 
q point-to-point distances and times for direct trips are used to compute normal — 


taxicab fares, ‘customers are not penalized for route deviations which occur 
q in shared ride taxi service. The surcharge for each additional passenger in any 7 
: group having the same origin and destination is necessary since in shared taxi J 
S the number of vacant seats is a critical parameter (i.e., it determines — 
7. whether the vehicle is still potentially shareable). At the time of a request for 
service, the customer is informed of the least expensive class of service, the 
_ fare, the estimated time before a vehicle would be available, and the estimated | 
travel time for exclusive taxicab service, 
Reautatory 


i by Eq. ‘lis , avoided. If two or more passengers having the same origin and 


institutional and regulatory ‘utilizing the: Peoples Cab Company 

of Pittsburgh owned by the Center for Entrepreneurial Development, a , nonprofit 

Corporation affiliated with Carnegie-Mellon University. As a common carrier 

of passengers by motor vehicles, the company is regulated by the Pennsylvania — 
Public Utility Commission (PUC). Prior to performing any ex experiments with . 
the RSVP System i in an 1 actual operating env environment, the company was ——— . 

to obtain regulatory approval both for the general concept of shared | as waa 


q 
| 
| 
| 
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In Pennsylvania, taxi group riding was prohibited except in specific circum- 3 
stances until the recent energy crisis. In 1974, the Pennsylvania PUC issued 
an order that somewhat eased restrictions on group riding, although the associated 
fare calculation procedure was cumbersome and inequitable. With this PUC 
order as a precedent, Peoples Cab Company proposed in 1976 a tariff based 
‘upon the RSVP System, which modified the commission’s fare calculation 
procedure and further relaxed the restrictions on group riding. IOS ob wrod _ 
4 In contrast with most other taxi companies in Pennsylvania, Peoples Cab | 
; Company chose to file a shared ride tariff under its - existing Certificate of 
‘Public Convenience, rather than to apply for a new ‘Special Operations” 
Certificate for paratransit services. This approach has particular significance 
in Allegheny County, Pa., since Port Authority Transit (PAT, the local mass 
transit agency) has both the authority and the responsibility to provide an 
integrated transportation system for the area. }- Although taxi service is is specifically 


f 


: the ‘authority to ‘regulate shared ride services es if such s services are provided = 

_ vehicles other than sedans. Furthermore, a number of social service agencies 

in the County are operating vehicles under the auspices of Section 16 (b) 2 

_ of the Urban Mass Transportation Act. Many of these agencies compete co. 
existing Private taxi companies and have allegedly caused 
 ebeaiaall in those companies’ revenues. Since the lower rates offered by social — Se 
service agencies for their clients are only possible because of subsidies in the — 
form of vehicles, these practices raise the issue of efficiency versus equity. 
Resolution of these jurisdictional disputes related to shared ride services will — 
clearly have important ramifications for urban and suburban transportation, and 

the fact that a duly certificated taxi company has an approved shared se 

_ tariff (rather than a temporary certificate for a new service) should help insure | 
that taxi operators are given a fair opportunity to participate in the growing 
Specific provisions of the Peoples Cab Company tariff define group taxicab 

_ service as nonexclusive, door-to-door call or demand service in which persons = 

having different origins and destinations share a vehicle. Since such ride sharing — 

inevitably involves route deviations, each individual’s fare is first computed 
_ as if the trip would be an exclusive taxi trip. Thus, in terms of time and distance 

used to fares, is no on a customer due to route 


the customer. In addition, the tarif f contains ; a 1, unique . dedicated vehicle p provision 
which permits the | company to negotiate with organizations individually to 
determine the charge for services, subject to a maximum rate per mile or per 
hour. Through the regulatory approval of group taxicab service ye ns by 


service and service t 
change in taxi- -paratransit regulations is a slow. process because the 
regulatory agency is embedded in a political and economic environment and _ ‘ 
4 decision making process encompasses many possible trade-offs involving ie 


numerous ‘parameters and inte interest groups. the with 


depending upon the desree advance notification given to the company 


RIDE SHARING VEHICLES | 


- the RSVP System in in an actual operating environment may be viewed as the us 
4 change agents. The regulatory changes proposed by Peoples Cab Company as — 
a result of the experiments in using the RSVP System a1 are ¢ incorporated in the oe 
4 latest (September 1980) version of the regulati : 
issued by Pennsylvania PUC (4). Since Pennsylvania is is one e of the 1 most populous — 

- States having statewide transportation regulation, the regulatory issues resolved — 
P Pennsylvania should serve as useful guidelines for other areas throughout 
A number of operational problems have inhibited the growth of shared taxi 
_ systems. Such problems arise primarily from the lack of adequate controls over 
cash transactions that occur in vehicles. From the customer’s point of view, 
a fare calculation and collection system should not allow a driver to influence 
the fare for any reason. From. management’s perspective, a fare calculation 
and collection system should permit management to know of every trip and 
to charge appropriate fares according to the tariff granted by regulatory authorities. _ 
Furthermore, both management and regulatory authorities require access to — 
accurate and compiete operational data for use in determining fare structures — 


n 
The introduction of the RSVP System and regulatory changes 
_ oy the Pennsylvania PUC have given a significant boost toward the removal _ 
(Of some of these operating problems. Specifically, the new PUC regulations _ 
(4) include the following statements (italics added): 


1. Under the scheme of « classification of common carriers, call-or-demand 

- _ service is now defined as ‘‘local common carrier service for passengers, rendered __ 
7 on either an exclusive or a nonexclusive basis, where the service is characterized _ 

_ by the fact that passengers normally hire the vehicle and a One either by 

‘a telephone or by hail, or both.” [Section 29.13(2)] 


ta 2. With regard to taxi meters, it is now stated that “‘no meter shall be ‘operated. 


i 
from: any y drive other than the transmission of such vehicles 1 unless some other 
method is, upon petition, specifically approved by i eee, mal [Section 

- 3. For a call-or-demand service under tariffs authorizing both exclusive and 
nonexclusive service, “‘the dispatcher shall, if requested by the customer, quote 

the customer the estimated fare for the customer’s trip as ; priced under both 

of these two alternative services, considering the number of people in the - 
om - customer’s travelling group; and the dispatcher shall explain to the customer, — 


if necessary, the difference in these two types of service.’’ [Section 29.316 


“structure in providing paratransit s services by the call-or-demand service 
cated carriers. It remains to be determined what constitutes a fair and equitable — 
fare structure with regard to the difference in fares for exclusive and nonexclusive 
rides. In ean experimental operations of the RSVP System in the real 


q 
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been deliberately kept small so that the. company will not be 
_ with requests for nonexclusive service. ‘The fares set by the market will be 
greatly influenced by the ne public policies in subsidizing public | transportation. 
If user subsidies are given to the elderly, handicapped, and economically 
_ disadvantaged in lieu of the subsidies to the providers of paratransit service, 
ry a is more likely that the service will be more efficient as well as more equitable. 
Ths acceptance of the RSVP System computer-based fare calculation proce- __ 
dures by the | regulatory agency will permit a wide variety of marketing and — 
fare structure experiments, utilizing monitoring and analysis capabilities that - 
_ have previously not been available. These same monitoring and analysis capabili- __ 
ties should also aid taxi companies to significantly improve operating efficiencies, _ 
and should provide the paratransit industry with overall improvements in 
a information processing capabilities. Eventually, travel t time and travel distance — 


a provide valuable information for updating the computer- -based data file for fare ay 
- calculation. The availability of appropriate technologies which are compatible 
d with regulatory requirements and are priced within the reach of small operators — 
will encourage maximum feasible participation of of private ¢ enterprise in 


_ Although the application of the automated fare calculation described in oad 
_ paper has been limited so far to an operating taxicab company in Pittsburgh, 3 
the analytical framework is applicable to all metered ride sharing vehicles. Thus, a 
_ the improvement of an analytical framework for metered fare calculation is 
useful in providing a fairer and more equitable fare structure for shared ride 


The ideas in this paper were developed in connection with a project supported rf 


by a UMTA Service and Demonstration Grant No. PA-06-0048, United States 
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The following symbols are used in this paper: Tf 
ENSPO RTATION 4 
weight for distance, in cost per mile; iN G: JOU 


= weight for distance independent of incremental cost, i mile; 
= weight for time, in cost per minute; 


= 
variable portion of fare; 
fixed portion of fare; 


fraction of variable of fare; 

total number of meter trippings; os 

number of meter trippings based on time sais a 

number of meter trippings based on distance increment 13; 

ratio of revenues per distance or time; 

average route deviation multiplier; 

time rate of fare, in cost per rhe 

= distance rate of fare, in cost $3 

= total time elapsed; ta) | me of 

= total time elapsed at velocity U<8/1; “Typically, the eritting ~~ 


a 


Hund 


ane 


4 


= = total time elapsed at velocity V > 8/7; 
= time at nth meter tripping; Grol section, with « few 
= average running speed of slow movements (< 8/7); 
average running speed of fast movements (> 8/7); we 


total distance traveled at velocity V> >8 I=; 7; 
of vehicle at nth meter tripping; 


] ASCE, 


| 
Cc | 
| 
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of 
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= timeincrement presetin meter. = | 
Cearwres thet gre im the Meld, are os te 
— 
— 


hee 


| 
| 
| 
| 
| 


TBANSBORTATION | 
ENGINEERING JOURNAL | 


(Reviewed by the Aerospace Division) 


Land eubuldedian, and ‘related earth fissuring have been known in Arizona 
7 for 50 yr. They have occurred in several of the deep alluvial basins in the 
central part of the State (see Fig. 1). Their ‘Telationship to large-scale withdrawal — 
: of ground water \ was suspected in the early 1960s, and generally « confirmed _ 
_ by studies made in the last 10 yr. Land subsidence, or simply subsidence, 
ss described in this paper, is the general and gradual sinking of a large area - 
- covering part or most of a large valley or basin area. Typically, the outline 
of the sinking area reflects the shape of the basin and is roughly circular, 
_ oval shaped, or elongated. It is dish-shaped in the cross section, with a few 
_ tenths of a foot of settlement. at the edges increasing to a maximum of 10° 
te 12 ft (3 m-3.7 m) of settlement near the center. Earth fissures are tensional 
“cracks occurring at various locations within the subsiding area; usually near 
its margin or near the mountain front forming the edge of the basin. It is only — 
recently that the seemingly random, unpredictable | locations of the fissures could 
_ in Arizona, earth fissures are nearly vertical cracks 0.5 in.-0.75 in. (19 mm) — 
in width (see Fig. 2). They are rarely seen on the ground surface as narrow 
cracks, this width being due to erosion. Irrigation water or sheet flow drainage 
_ from rain storms quickly widens the narrow crack by erosion and slumping © 
to a gulley 2 ft-20 ft (0.6 m-6. 1 m) in width, and half as deep. It is these ¥ 
large features that are seen in the field, and are known as fissure g gulleys- to 
7, differentiate them from the actual fissure tensional crack (see Fig.3), 


oe _ “Presented at the April 14-18, 1980, ASCE Annual Convention and Exposition, held 7 
'Sr. Geological Engr., Highways Div., Arizona Dept. of Transportation, Material 
1745 West Madison Street, Phoenix, Ariz. 85007, 
= —Discussion open until August 1, 1981. To extend the Coéing « date one ‘month, = 
a written request must be filed with the Manager of Technical and Professional Publications, 
_ ASCE. Manuscript was submitted for review for possible publication on April 22, 1980. 
i _ This paper is part of the Transportation Engineering Journal of ASCE, Proceedings of J 


the American Society of Civil Engineers, ©ASCE, Vol. 107, No. TE2, March, 1981. 
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a A fissure usually consists of a single crack, but may open into a branched a 
or even braided pattern up to a few inches in total width. The crack is usually _ 
filled with loose soil, often of a lighter color, which has migrated downward 


due to water action. These cracks have been tsnced visually in test pits to 
a depth of 16 ft (5 m) and probably extend to a depth of several hundred — 


fect (100 m-200 m). They are thought to originate at depth, and migrate upward = . 
toward the ground surface. They are not geologic faults and do not exhibit _ 


1. —Loeation of Water- Level Desiines ond Earth Fissures in Central Arizona 

, ; lateral movement. Only a a few of the several hundred observ ed have had any 4 


Central ‘Asizoda’ consists of a series of 
a by broad, flat, alluvium-filled basins. The mountains are of fault block origin — 
_ forming the Basin-Range Geologic Provence which extends from Arizona north- 
= through Nevada and eastern Oregon into eastern Washington. Each 
lange basin in central Arizona contains a valley fill of clay, silt, sand, and 
_ gravel from 1,000 ft-2,000 ft (300 m-600 m) in depth. This material is generally 
_ permeable ana forms a vast reservoir for ground ¥ water. . Prior to about 1920, 
the average rainfall of approx 8 in. (200 cm) per year was able 
what ground water was used and maintain a state of equilibrium. Since thet 
! time, pumpage has increased at a rapid rate creating an inbalance or “‘overdraft.’ 
United ‘States ‘Tecords show the ground- -water 
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declines correspond to land site measured near Eloy between 
- “April 1965 and April 1974 recorded 1.34 ft (0.4 m) settlement in the uf upper 

a 7 830 ft (253 m) of alluvium, 63% of the 2.13 ft (0.65 m) of subsidence measured — 

at this site (6). The consolidate that occurs within the dewatered sediments — > 

_is irreversible and reduces its capacity to store ground water by as much as 

50%. Within the last decade both land subsidence and earth fissures have become | 
 pecognized as geologic hazards in Arizona. Neither are unique to Arizona. Papers 


¥ — at the Third International Conference on Land Subsidence, held in 


“Florida in in 1978 (4), described land subsidence due to wibécowel of pppoe gas, 

water, or collapse of underground openings in several areas of California, Texas, a 
t and Illinois in this country, in Holland, Norway, and Italy in Europe, and in 


Thailand and Taiwan in Asia. Fissures are known in Texas and California. 7 


_ While earth fissures are usually recognizable from the ground or from the _ 
is not. is ‘may affect an a an area of 


i 
a = _ FIG. 2.—Recently-Formed Earth Fissure; 100-mm Cigarette in Center for Scale 
| 


several hundred s square miles. Its , presence was was first suspected and ten confirmed ‘ee 
, in several areas in central Arizona as variations in the National Oceanic and | 
- Atmospheric Administration (NOAA) first-order level lines were plotted by USGS 
_ geologists and separately by Arizona Department of Transportation (ADOT) 
_ engineers. Requests for information and aerial photography between the two 
_ organizations indicated a common interest which developed into an Inter-Agency j 7 
Study Group in the late 1960s. This group consisted of representatives of the ers 
USGS, ADOT, NOAA, United States Air Force, United States Bureau of - 
oo Reclamation (USBR), and interested university and county officials. An inventory al 
known subsidence areas and earth fissures was begun usi using aerial 


i 
supplied b by the ‘ADOT and | the Air Force. The Highways Div 
coe ADOT has a fully-equipped photogrammetry ; and aerial mapping department | = 


along ‘the principal highway routes since 1959 by this ‘department at scales. of a 
4 in. equals 1,000 ft (1:1 000), and 1 in. equals 2,000 ft (1:2 000). Individual 
prints and stereo pairs from these flights were used to plot the location of | 

level-line bench marks and to monitor earth fissures. A series of photos taken 


development of new fissures. 


ei 
—_ 
| 
if 
‘FIG. 3.—Fissure Gulley: Original Narra bing 
— 
Pinent OF CxXiSting Tissures and the locauon 


SUBSIDENCE AND 


engineers and geologists were interested in this phenomenon. at this 

time because of the large fissure system crossing Interstate Highway 10 near 
Picacho Peak which was causing a continuing maintenance problem (see Fig. . 
4). This fissure is unusual in that it exhibits vertical displacement. The area _—| 
- on both sides of the fissure is subsiding, but the north side is 2.5 ft-3.0 ft 

_ (0.76 m-0.9 m) lower than the south side. Holzer (1) considers this feature a 


<2 be a fault related to a bedrock offset he interprets to be a fault. All other 


FIG. 5.—Picacho Fissure Interstate 10 Showing Ramped Repaired | Section; 
Note Vertical Displacement of f Light Co Colored lored Curb 1 * 


itis a fissure caused byt the consolidation within the deep valley fill. The vertical 2 
ay displacement is corrected by long ramps on both eastbound and westbound © 
roadways (see Fig. 5). On several occasions backhoe test pits or auger borings | 
have been made on the fissure to check the possibility of continued ennanm - 
causing a void to form beneath the pavement. To date no problems of this £ ; 
type have developed. The Southern Pacific Railroad also has a constant mainte- 
nance problem at this and one other site due to fissures crossing their roadbed. y 


= 
a 
= 
(3,4,9,0) Teer thal Origin Is ground-water Withdrawal and that 
od: yd mit od) 
FIG. 4.—Picacho Fissure System Crossing Interstate 10 in Foreground; Fissure is 
mile (14.5 km) in length 
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Fissure, gulleying high pressure gas lines in the area, on has'coused 


¥r ~ Cracking of highway pavements by new fissures or continued development — 
0 of older fissures has become frequent enough to be treated as a routine — 
- Smaller cracks are filled and the larger cracks dug out and patched. The reaction 
to the presence of fissures in a proposed subdivision area or existing commercial 
area, however, is completely different; the maiter is handled in total secrecy — 
prompt action is taken to remove alltraces. 


photographs were obtained by aircraft and camera provided by the ADOT and © 
the film by the USGS. All identified fissures and probable fissure locations — 
a were transferred from this photography to I: 24 000-scale orthophotoquads fur- 


; :24 000 and larger were ‘made ‘of all known fissure areas. A total of | 144 aerial 


were checked and the entire area of approx 770 sq mile w: was : searched by two 
observers and a recorder in a four-place helicopter provided by the USBR. F 
_ Fissures were spotted from the air and checked on the ground. Locations were 


1964 WATER 


= SURFACE 


6.—Bedrock Profile ‘near Casa Ariz., Gravity Arrows 
Show ‘Fissure Locations 


between Phoenix and Tucson by the USBR, as the number of fissures and s 
_ the amount of subsidence along a 20-mile segment of the canal were realized. 
Zé the last 5 yr, studies of fissuring and subsidence have shown a relationship > 
: ‘ae across several subsiding areas in central ‘Arizona have shown that bedrock 
= ‘highs’’ or upward projections lie beneath many of the fissure locations (see — 
Fig. 6). It is hoped that continued development of this type of research may 
lead to the ability to predict fissure locations in the near future. A single fissure 
= reported recently in the Paradise Valley area of Phoenix. Others ar are known 
; in the area just east of Mesa. Their app appearance in urban areas has not had 
a large impact as yet because they are still treated as a curiosity and because 
4 they have not yet caused any damage. Whether the ability to predict their 
P occurence in or near urban areas in the future will will b be c considered an advantage ee 
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: In the study of subsidence and earth fissures in central Arizona, aerial 
"photography has been the indispensable tool. It has provided the means y 

Bayes ory a problem, a means by which the problem has been identified as 

a geologic hazard, and the means to monitor the expansion of both fissures 

and subsidence areas through updating data by periodic aerial photography, 

_ and by use of photographic base maps. The monitoring phase is becoming > 


-neeasingy ‘important as these en hazards move into the expanding urban 
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The ot anes fries hating we 
the plansalg stage, the of wind Hos cones that 
af 


of 9 wad 


a 
| 
a 


Phomnre ill | 


= 
— 
| | 
@ 


ance 1981 


— 


‘Tall or or e 


exposed buildings adjacent to public ‘oped may cause 
winds at ground level that are much more intense than winds found elsewhere 
at ground level. These winds may affect the comfort and safety of pedestrians “a 

- and thus reduce the usefulness of the outdoor open spaces. In recent years, 


wind problems have become more common, as more tall buildings are built 
a 


- and as cities s and building < owners place increasing g emphasis on public plazas 


and open space. Since both the cost and economic benefits of such plazas 
& and open space may be very high, significant financial Totees may occur 4 


spaces are rendered due to wind. 


cause unacceptable discomfort to users of outdoor space ‘such 7 zones 


found, appropriate design decisions can eliminate them or direct “pena 


= 


- Designers concerned with acceptable outdoor environments will have to address 
: é following : issues during th the > design of a building | and its surrounding open 


“Presented at the O 1979, ASCE Annual Convention and 
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in the wind 
vironments. 


does the wind affect comfort and safety? What are the wind 
“as measure comfort and safety? What are the limits of these descriptors at » 
_ which the wind becomes uncomfortable or dangerous? These physiological and 
4 questions can be answered by research in and in 
OVA 


2. At any outdoor site, wind will probably exceed comfort | or safety limits 
os a certain number of hours, minutes, or seconds during the year. The time 


_ time that the project is occupied, indicate the users’ probability of discomfort _ 
or danger. How large should these probabilities be? It is up to the designer 
and owner to decide acceptable probabilities for any given project, but certain 

; levels have been suggested by researchers for use as design criteria. ve 
3. How strong are the regional winds (as measured at the weather station) 
_ when local wind flows on site exceed comfort or safety limits? The relationship 
between the project’s local wind and the wind of the surrounding region a 
a ratio based on the aerodynamic configuration of the project and its surroundings. _ 
The ratio varies with wind direction. Certain generalizations can be made, bat 
complex configurations are best modeled in an appropriate wind tunnel, 
4. How often do these excessive regional winds This information, 
extracted from | climatological records, determines the probability of the sl 
wind on the site exceeding the limits for comfort or safety. eect sagen 
€ 5. If local winds exceed the comfort or safety limits an unacceptable percentage 


of time, what design measures will reduce their strength so that | oe carl 


of 


art in acceptability criteria and n rocedures 


all Wind influences comfort both ‘through its pressure effects 
particle transport, and thermally, through wind chill. Pedestrian safety in the 
urban pedestrian environment is af fected iby mechanical pressure. Both mechani- 


Mechanical Influences of Wind. —Wind through 

_ pressure effects and particle transport. Wind pressure causes disturbance of __ 
clothing and hair, resistance to walking, and buffeting of the body and carried d > 
_ objects such as umbrellas. Comfort also is affected when the wind lifts dust a 
and grit particles to eye level, or drives rain laterally into the eyes or beneath 
aia At higher velocities, wind interferes with walking and endangers pe people - 
“by causing them to lose their balance. At such velocities, eye damage from 

_ dust or possibly from flapping hair is also a safety problem. Some of the effects 
described are caused by the wind on a continuing basis, while others are 


i 


WIND ENVIRONMENT 
— 
velocity, or eddies. The intensity of turbulence for any given 
wind speed varies fi rom place to a tending t to be greater i in n urban o or built- “up g 


_ may be described as an addition to mean velocity. An ‘ “equivalent steady wind” 
defined as giving the same comfort or safety effect as the Bien wind was 4 
_ introduced by Hunt, Poulton, and Mumford (9): Bd) seis 

<i in which u, = the equivalent ‘steady wind; 7 = the mean wind speed; a = 
an empirically determined coefficient; and TI = the relative turbulence intensity a - 


r, = root mean square of the instantaneous deviations from the mean velocity, _ _ 


7 


a _ Hunt et al. found a = 3 in experimental observations of the pertogmance — 
of pedestrians in a we tunnel with controllable turbulence characteristics. 
‘The steady wind, u, a value greater than the mean, ‘Teflecting turbulent 
_ Jackson (12) used this relationship in defining a‘ “standard equivalent mean 
speed”’ u#,., in which terms he assembled a wide range of previously 
observed wind effects into a table combining the effects caused by steady uniform — 
winds, turbulent wind fluctuations, and infrequently « occurring peak gusts ne 

Certain standardized conditions were necessary to compile Table 1: 
1. The standardized equivalent wind speed, #,,, is measured at a height of of 7 


2m over an averaging time of 5 min. Published observations for different averaging : 
a _ The horizontal relative turbulence intensity | is 18%. Observations for which _ 
TI is unspecified are assumed to have occurred with a TI of 18%. pone — 
_ with specified TI values different from 18% converted by the 
3. For eff ects caused by a maximum gust of some minimum required duration, — 
a4 a value of d,. is calculated that would be expected to produce one such gust y 
in the 5- -min averaging period under 18% 
effects observations as summarized in Table 1 are the 
basis for making judgments about wind acceptability in buildings and open space. < | 
Recommended acceptability criteria will be described later. 1 
_ Thermal Influences of Wind.—The familiar concept of wind chill reflects the = 
; ‘thermal influence of wind. In cool climates, wind increases the rate of cooling | 
: the body by removing the insulating film of still air found next to skin 
and clothing in calm conditions. The increased rate of cooling may cause - 
_ discomfort. In hot climates, the increased wind-induced convection and evapora- . 
Thermal comfort is influenced by the following climatic variables: air, tempera- a 
ture, radiation (solar and terrestrial), humidity, and wind. The pedestrian’s can 
and activity level are also important variables. Thermal comfort is a ace 


4 
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of body and ‘skin | temperature, the rate of heat and in overheated 
conditions, of skin wettedness as well. aly ron 
To date, attempts to develop thermal models of human comfort outdoors 
_have been confined to steady-state thermal fuera models (1) in which thermal 
tee is assumed to assure © comfort. _ Such models hi have not been us useful 


Po h-2 h continuous “exposure to the outside environment. This is a rare situation __ 

‘ pedestrians, although such exposures may be experienced at bus stops and —- . 

sports stadia. The average exposure is is much shorter. oy 


TABLE 1.—Wind Effects Versus Standard Equivalent Mean Wind | Speed Under 


persecond | Effects observed or deduced 


Wind feltonface 
6 reading becomes difficult (1) 
i point Hair disarranged [5], dust and paper raised, ra rain 


Control of walking begins to be impaired 
14 vind flapping of clothes s [5], Progress i into ha cat 
Umbrella used with difficulty 
Blown sideways [2], inconvenience felt walking 
into wind, hair blown straight 
_ Difficult to walk steadily, appreciably slov slowed oa 
Noise on ears unpleasant 


as 


Almost halted into wind, uncontrolled tottering 
Difficulty with balance in gusts [2] 
_ Unbalanced, grabbing at supports tay 
A People blown over in gusts [3] 


“The minimum gust duration required for each effect to be enperlenced is given, in 


a computer program that iteratively calculates the thermal response of the | 
body o over a series 2s of I- “min intervals shows promise for providing thermal design 


to > outdoor climates on body temperature, heat transfer, thermal ecnnation, and 
comfort sensation can be predicted in this way. This model currently suffers | 
fom lack of experimental information on wind penetration or infiltration ll 
clothing, ond validation in outdoor conditions, 
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* limits above which wind should not be permitted or is not desired. The Building 
Research Establishment, in England, recommended the following well-known 
_ values for mean wind at pedestrian height over an unspecified d averaging period, | 
in cool conditions (20): : at 5 m/s, there is an onset of discomfort; at 10 m/s, re 
it is definitely unpleasant; and at 20 m/s, it becomes dangerous. ema N cm 


Murakami et al. (17) corroborated Hunt’s limits, with some values somewhat 


F 4 Hunt et al. (9) refined these recommendations to the velocities given in Table 2. " 


more restrictive, finding control of walking difficult in the 10 m/s-15 m/s 
range. Nonuniformity of wind in in time and space greatly affects walking and = 
cause the observed effeci ‘ ‘walking difficult to in wind speeds 


as low as 3 m/s. 


For comfort and little effect on on performance in u<6m/s- 

_ For ease of walking s 


Nonuniform winds varies by at least 70% a 


» avoid momentary loss of balance and to be able to walk 
For safety for elderly people this criterion may be too high) 
comfort and little effect on 


u < 13 m/s-15 


Most performance unaffected 4, "<9 


Control of walking u, < 15 m/s 


is averaged over periods, on order of seconds. 


- With a wind speed limit in ‘hand, the designer must judge ° what percentage 
7 of the time (or with what frequency in a year or season) it may be exceeded. 
x = percentage of time exceeded equals the probability of discomfort or danger. 
For comfort limits, 10%-20% may seem reasonable. For safety limits, lower 
BP sm of time exceeded (say 0.1%) should be applied to the higher velocities. 
- Various researchers have suggested limits and acceptable frequencies for the 
limits. These have been summarized and compared by Melbourne (15). a al 
Fig. 1 is a reproduction of a figure from Ref. 15, with some additions as" 
4 noted later. The figure compares the various criteria using the probability of 
exceeding various hourly mean speed limits in any given year. The probabilities — 
are adjusted to apply to half the hours | in the year representing the daylight | 


Carrera: Comront, Sarety, ano Prosect Accerrapury 
peed similar ta Sui in ef of 
Dan unde anding wind a On neonic it j DO ible a 
| 
ii < 13 m/s-20 m/s 
— 
— ours when most buildings are occupied. e€ curves imply a relative turbulence 
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_ WIND ENVIRONMENT 


— (10, 1) presents a plot of comfort and safety versus hourly mean 
speed similar @: Melbourne’ s but expressed i in terms: of number of 


comfort limits indicated. The return periods are calculated using a method be 
; oa Cohen et al. (3) recommends a number of acceptability criteria based on 
a - their extensive field observations (see Table 3). These findings have been 
_ imcorporated | into Fig. 1 correcting for daylight hours for consistency with — 
_ Melbourne’s method. The safety-related values show lower wind speed limits — 4 
q the acceptability criteria than the other researchers, almost certainly because bo 
the peak gusts recorded per hour in this investigation tended to three times 
the hourly. mean, whereas such gusts: in Melbourne’ turbulence would 
the TABLE Safety /Comfort Stand Standards for for ‘Urban 
4 face ot 


~ 
considering 
occurrence only daylight 
} frequency, hours, asa 
All pedestrian areas—limit ha 0. | 
_ Major walkways, especially 
: principal egress path for 
pedestrian walkways, 
including street and 
a arcade shopping areas 
Open plazas and park areas 
aberve ‘ 
an plaza and sitting 
be only 1.5 times the hourly mean. Because the turbulence intensity was not > 
reported with Cohen’s data, it is not possible to adjust these values to make 
them fully comparable. The comparison does show the significance of assumed © 
_ turbulence intensity in | these acceptability criteria for safety purposes, where — 
3 Penwarden (18) analyzed cases of shopping c centers that had experienced wind — 
; _ complaints. He found that in centers where the single limit of 5 m/s hourly 
-mean wind speed was exceeded 20% of the time or more, the owners invariably 
“4 spent money to add protective screens or roofs. Centers with frequencies of 
7 10%-20% caused complaints but no remedial action was taken. Few complaints - 


were registered at centers with frequencies below 10%. Penwarden’s study gives e 
the most concrete economic evidence in support of specific acceptability criteria 


to is ase 
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1981 


mont the United States National Oceanic and Atmospheric Administration = 
(NOAA). In a nonsteady wind, the length of the averaging interval will affect — 
the value of @ associated with the maximum wind effect observed during that _ 


interval. This is is because most wind effects : are sensed by the pedestrian v= # 


on the chart are either observed against hourly menas, or converted to be so. 


The actual effects, however, may refer to instances that may have occurred an 


only once, during a gust, within that hour. oti 

. a. The NOAA wind records available in the United States are termed — 

mean wind speeds, but are actually l-min means measured once an hour. This 
means that the distribution of windspeeds from NOAA data will rtd ite J ee 
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{ FIG. 2. —Variation of Wind Speed with for Ranges of Beaufort 
variability ‘than | would true hourly means. ‘The effects specified 
_ gusts implied within Melbourne’ s hourly mean wind ee would therefore 


of the variation of “wind speed with averaging ‘time at 2 a relative > a 
intensity of 0.28. One may estimate from this that the hourly mean criteria — 
should be 25% higher when using NOAA data; that the 5-min mean wind speed 
_ limits described above should be 20% higher; and that criteria based on direct 
peak gust measurement (2 sec-3 sec), should be 25% lower. belv 
Finally, caution is needed when using any of the criteria based on mechanically- 
caused wind discomfort, for thermal discomfort in cool environments usually — 


4 begins at lower velocities than mechanical discomfort. Reliance on these may _ 


underestimate the actual discomf ort, for prolonged or relatively inactive 


) | 
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‘The d designer sh should consider outdoor comfort and safety early in the a 


and site, the climate, and resulting comfort and safety around it are complex, — 
__ he or she may have to follow a climatic design process in order to find a ; 
4 satisfactory solution. The process, basically: (1) Determines the climatic charac- 
_ teristics of the site and the preliminary project, partly by model tests; (2) assesses 
_ its effects on the acceptability of the project; and (3) modifies the project design 
and tests the climate untila solutionis reached. 


— at pedestrian level often will be ae affected by the building, 


on on that face at higher elevations; (2) flows caused by pressure dif; ferences mee 4 
\ low pressure regions at the sides and lee of a building and the relatively ede 
pressure regions at the windward side (open passageways between these regions 

_ will experience greatly enhanced winds); and (3) flows through outdone 
between buildings. Two publications by Gandemer (7,8) provide visualizations — 
of wind flow around a wide variety of building configurations. They | are very 
- useful for obtaining an intuitive feel for wind behavior around buildings. art. 
“ Penwarden and Wise (19) have provided generalized rooftop-to- ground- ys 
velocity ratios for such configurations that have been widely quoted. However, — 
note that these ratios do not apply when buildings < of similar height are located — 
_ If the configuration of a yet-unbuilt project seems likely t to cause high local 

: winds, it should be tested in model form in a wind tunnel. This technique : 
is also useful for defining winds on existing sites, since the flow strength and 
direction can be controlled during the tests. Physical modeling with — 7 

‘field verification is most desirable. 

Lan * Physical modeling requires the use of a specialized wind tunnel that a 
“the boundary-layer conditions above the actual site. Both the velocity and th 

_ turbulence intensity profiles should be modeled to scale. The most satisfactory ‘ 

_ ‘means of achieving this at present is to generate the boundary layer with turbulence 

. generators and long fetches of roughness similar to that of the terrain upstream 
of the project site. The testing of architectural models for environmental wind 
ae may be carried out at low wind speeds (5 m/s-10 m /s) because a 

turbulent flow patterns around bluff (sharp-edged) objects. do not vary over 7 
a wide range of velocities. This is fortunate, for it allows tests to be performed , 

; at costs comparable to other design consulting fees; st” 

Velocities measured in the wind tunnel are nondimensionalized and are 
: ‘amet as a percentage of a reference velocity. The reference velocity in - 

the tunnel is measured at a reference height, often chosen as the height (at a 

- model scale) of the wind instrumentation of the weather station providing 4 
- climatological wind data. By relating wind tunnel measurements to climatological 2 
data, wind speed frequency distributions are count fori r important locations within 
and around the proposed The from loc 
a Measurements a are ¢ normally made a at a network of grid points on the pecject 


. 
q 
| three flow fields that cause enhanced wind at pedestrian level: (1) Vortices ff 


- each grid p point. ‘Its small size e allows it to measure speeds + within distances 
- of the order of millimeters above the surface, representing pedestrian height 
at model scale. In addition, when the wire is held vertically, the hot-wire — a 
_ anemometer is insensitive to the azimuth angle of approaching wind (within > 
a sector of about 270°). ‘Since the wind turbulence at pedestrian level near 
- buildings often results in rapid lateral directional changes, it is important that 
_ the measuring instrument exhibit minimal directional sensitivity in the horizontal © ¢ 
_ The entire network of points on the model is tested separately for each wind 
direction, the number of directions normally corresponding to the number of | 
— of the in the meteorological wind data base. 
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wind DIRECTION at 92 lag 


FIG. . 3.—Street-Level Wind Directions a and \d Velocities ‘during We West Wind, High-Rise _ 

“ Fig. 3 is a representation | of a strong air flow pattern occurring around a 

_ wind tunnel model of a San Francisco high-rise project during exposure to. 
ss winds. The building’s entrance is located on the southwest side of the 


building. The wind directions at several grid points are marked and the velocities 


expressed as decimal fractions of the velocity at the reference height, which 


‘in this case is 132 ft, the height of the anemometer at the local weather station 
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FREQuENcies OF UNCOMFORTABLE OR Winos in 


Wind ane are recorded at airports: in open terrain. . For most sites” 
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WIND ENVIRONMENT 


wind inf be geographically from the recor station 
to the: vicinity of the site. The effects of topography, vegetation, and structures 
must be carefully considered in this extrapolation, ts 

_ The meteorological data base should provide information necessary to determine 7 

‘the amount of time that pedestrians will be uncomfortable or endangered « on 

the site. This requires predictions < of expected winds preferably by time _ of 
day, and if thermal comfort is being estimated, coincident data on temperature — 

and sun. The most useful data format is a cumulative directional frequency _ 

= DISCOMFORT OR DANGER en ep DISCOMFORT BASED ON 


BASED ON MECHANICAL CLIMATOLOGICAL A THERMAL MODEL OF — 
EFFeets MODEL INPUT EFFECTS 


Vegetation bury be mand absorb wid 


= each point of interest For each point of interest r 
define discomfort or danger Average temperature, define discomfort 
threshold windspeed, u sun-shade patterns, threshold windspeed 
comfort curves in sun and shade 


wadels, 
tbe punject 


For each wind direction >: For each wind direction ay 
compute reference wind- Nondimensional wind- compute reference 
speed | to speeds and turbulence ) speed corresponding to 
from wind tunnel ‘threshold windspeed for 


ot latch Record frequency of winds mar | Record frequency of wind 
ae greater than computed Cumulative windspeed greater than 
_ reference windspeed _ frequency distribution reference windspeed _ A 


for each wind direct fon ari — 86 for sun and shade for 


‘4 Weight Ay Weight each direction 


by directional frequency Wind direction fre-_ by directional frequency 
4 and sum overall direc- quency distribution and sum overall direc- 


Percent possible Weight by frequency of 


sunshine sun and shade 


 4.—Process for Determining of or Danger pin 
distribution the p ercentage of time each wind is exceeded 
P Pp 
_ for each wind direction. The National Climatic Center of the NOAA may have _ 
_ this information in existing published summaries, although most locations have 


not been analyzed i in detail. The Center will prepare such summaries from original — ; 


_ observations, usually with 10 yt / tape. The data from the tape is then commonly be 
fitted toa model such as seers Weibull distribution to provide a smooth en 
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of discomfort may then be: for either thermal -or 
_ mechanical wind effects by following the procedure in Fig. 4 taken from Ref. 
_1. The same approach may be used to predict dangerous wind velocity frequencies. 
% The procedure for thermal comfort is carried out for selected hours of the day __ 
to incorporate sun /shade patterns and temperature data into the comfort — 
‘Fig. 5 shows the probability of discomfort around the high-rise project 


considering all wind conditions expected in San Francisco in the early afternoon 


; during the autumn season. The predominance of west winds over other winds 
during this ay causes the discomfort values to closely follow the wind patterns — 


CAST ON SELECTED PEDESTRIAN AREAS 


of the theemal environment. 4 


_ If the expected comfort levels are unacceptable, design modifications to improve 
_ conditions may have to be e investigated. The following measures are Se sa 
4 Large slab buildings should not be oriented in a direction normal to the 
4 prevailing wind to avoid downwash on the windward face. Circular and polygonal — 
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@4 
FIG. OF OCOMYOR at 1:00 P.M. Autumn Season 
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ENVIRONMENT 
towers to have wind climates at "ground level because 
2. Tall buildings benefit from significant horizontal projections to break up 
 Qemuabdinationd winds. Protective awnings and canopies near ground level 


need to be large to influence wind over appreciable areas s around | buildings. “a 


— 


a” 3. - Important pedestrian thoroughfares and building entrances should not be 


lanned at the windward corners of tall slab buildings as these are regions 


of accelerated corner flows. od) too of we 


to the provision of vegetation or landscaping. 


4, Openings car buildings near the ground, especially with openings cing 


3 >. to horizontal wind energy in “pedestrian 


areas. Trees and shrubbery are not usually effective at protecting appreciable | 


Based on trials with wind tunnel models, design modifications within 
site and budgetary limitations of the project may be selected. Modifications — 
‘to reduce winds can range from changes in building height, bulk, or orientation, — 


_ For any given problem there is a range of possible solutions varying in 
effectiveness and cost that should be optimized. For example, roofing over — 


areas from downdraft winds. al ¥ 


a shopping mall would surely reduce winds, but construction of wind deflectors — q 


* lattioowerk or use of vegetation may yield the same results at far less cost. 


wert 


FIG. 6.  alieee Deen Reductions in Wind Speeds Near Entry due to Proposed Canopy 
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“The influence of such devices on sunlight also should 


A model of the modified design i is tested in the wind tunnel and the = cous - 


4 is repeated until a satisfactory design is obtained. 

| hw Fig. 6 shows the reduction in the wind speeds at the sidewalk for the west — 

wind case when a is extended over the entrance. The reduction in 7 
walk may be determined from this, dient, 


the designer to as assess the of the canopy. 
Wind effects on comfort and safety have been described and limits for 


acceptable velocities proposed by various authors have been summarized. These 
limits are strongly influenced by the averaging interval selected, and by the — 
- turbulence component of the wind. The paper presents suggested design criteria’ 
7 for the amount of time that these velocity limits may be exceeded. i 7 
ss The designer of a project affecting pedestrians outdoors may estimate whether 
the project meets these criteria by synthesizing information on the aerodynamic — 
characteristics of the project and climatological information on wind frequency 
_ distributions for the region. Some general problem-causing building geometries 
* can be identified, but many urban sites are sufficiently complex to justify model 
testing in a wind tunnel. A ar, for determining ancien acceptability through | 
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(Reviewed by the Division) af 


cchietuainas, for determination of lane requirements, and for analyses such as 
user costs in economic studies. Such performance information, however, is 
_ This study, which is based on field observations, : analyzed the speed charac- 
teristics of heavy vehicles—trucks and buses—on selected rural downgrades 
= Israel (2). An attempt was then made to model the approach-speed 


4 


gradient, which is defined as the ratio of the difference between the approach © q 
. (level) speed and the (lower) speed on the grade to the approach speed, in a 
terms of the length and slope of the grade. Finally, based on a previously 

developed model (2) for determining passenger-car equivalencies (P.C.E.), several 
__ values were calculated and presented for the downgrades under investigation. —=—s_ | 
BacxcrounoorStupy wher the particulier Tor up: 


little information is available on the operational characteristics of heavy 
- vehicles on a downgrade, although their performance limitations are widely — 
accepted. While upgrade performance is primarily influenced by engine capabili- _ 
ties, or more specifically weight-to-horsepower ratio, downgrade performance jf 
_, is affected by complexity of components, which may include the length and 4 
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grade of slope being traversed as well as of the previous and following slopes, 5 
‘Sight distance, and driver skill and attitude. It is difficult, therefore, to establish > 
any definite relationships between speed and ‘rate of grade for heavy vehicles : 
: _ The American. policy on geometric design of rural highways (1) suggests that a 
- compared to level operation, heavy vehicles on downgrades show an increase : 


in speed for grades up to about 5% and a decrease in speed for grades of q 


a - about 7% or steeper. The Australian policy (6) states that commercial vehicles " 


| 


going downhill often travel at speeds greater than their level 
speed, provided the grade does not exceed 6%. 5%! as 
_ One of the few studies which deals with downhill speeds of am vehicles, 
‘in this case trucks, was performed by the State of California, Department of 4 , 
_ Public Works (7). Field-speed observations were made on several grades through- 7 
out the state although no distinction was made between loaded and empty trucks. mn ® 
The length of grade ranged between 1.5 miles and 6.2 miles and the slope 
_ ranged between 2% and 7%. The results of these observations did not produce 
a set of standard curves from which downhill speeds could be obtained for 
use in any situation; however, they appeared to show a distinct difference 
4 the behavior of trucks on long downgrades as compared to shorter downgrades. 
for long grades, trucks were observed to slow down to a ‘‘crawl’’ speed and 
maintain that speed until not far from the bottom of the grade. For short, — 
_ steep grades, their speeds were slower near the summit but increased uniformly Ain 
_ Another study, by the Midwest Research Institute (5) analyzed downgrade — 
performance utilizing the simulation technique and suggested a measure for 
the rating of grades. It found that both length and rate of grade influenced — 
truck performance on downgrades, the percent of grade factor being more 
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_ Speed and weight field observations were performed at six rural downgrades, _ 
the characteristics of which are presented in Table 1. A detailed site study 
TABLE 1 —Downgrade Sites and Pertinent C acteristics 


Length 

down- 

grade, 

name | meters ucks | Buses 

Carmiel 1 

Carmiel2 

Bat-Shlomo 


7 
| 
iH 
Significant d 
| 
Site 
A 
7 
68 | 3 | | | 
Migdal-Ha’emek | 1.150 | 7.7 | 


with a tangent ‘section, 


of sites was that they have the greatest peers resemblance to one a 
in terms of design speed, width of pavement, and width of shoulder. pe birt — 


composed of three major components: Tapeswitches; (2) video-tape 
recording and monitoring equipment; and (3) a digital clock. The array of 8 
4 ft long ey gh was taped to the road in pairs to transmit electrical pulses 


grade for as many points as the number of pairs used. The 
speeds were gathered at three or six cross sections along each of the six | 
downgrades studied d. The f first cross section was on the approach to the grade; 
the other points were about evenly distributed along the grade. . During the speed — 

data collection, information about the class and load of the vehicle was also 
— collected. Speed profiles were later devised for each truck load group separately, 


as well as for buses and passenger vehicles. - In Rewmee to obtain the — 


Speed measurements were recorded separately for the following classes of 
heavy vehicles: (1) Loaded trucks; (2) empty trucks; (3)t buses; and (4) passenger 

vehicles. The series of spot speed reading for each vehicle was a 
to a weighted space speed along the grade, based ‘on the distance between 
_ successive pairs of tapeswitches. Each such speed reading was assumed to 
represent the space speed before and after the particular tapeswitch for up 


to half the distance of | the preceding and _— = A vo example 


FIG. 1.—Cumulative Distribution of Space Speed along Migdal-Ha’ emek 
th of 


DOWNGRADE SPEED CHARACTERI: 
_ to the selection o only two-lane rural downgrade 
* at a given constant distance apart and connected by telephone cable to : 
sg main control box. The time was recorded to 1/100 of a second accuracy upon f 
_ | activation of a pair of switches. The speed of a vehicle between the first and 
performed on two sites utilizing a British made scale. 
cors—-—| 


of the cu distribution of space at the 
_ Migdal-Ha’emek site (Site #6) is presented in Fig. 1. Passenger cars can be 
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‘ po 2.—Average Spot | nies Profiles of Vehicles at ‘at Carmiel 4 Site i = , ferent 

of grade; L = length of grade; V = average spot speed, in kilometers per hour; 

o = standard deviation of spot speeds, in kilometers per 
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FIG. 3. —Average Spot Speed Profiles of Vehicles at Migdal Ha’ emek Site (i= a 

of grade; L = length of grade; 7 = average spot speed, in kilometers per hour; 
and o = standard deviation of spot speeds, in kilometers per hour) —— ae 

seen to have fas faster speeds while trucks, both empty and loaded, travel at lower 
— Speeds. It was further found, at this site and at others, that the speed distribution d 


of | is closer to that of cars ‘Gen to to that of tr may 


| 
60 
Oo 
| 
i 
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be explained t by o-horse ratio of ond their usually 
better braking systems, which caused bus drivers to feel safer at higher speeds 
and to develop faster downgrade speeds. 
_A profile of average spot speeds along the d downgrade was performed and . a 
_ Fig. 2 and Fig. 3 present the findings which include | the ‘Standard rite 


TABLE 2.—Average Spot Speed, /, and Deviation, o, according to Number 
of. of Trucks, i in kilometers per hour (Carmie! 1 ese 


hough Bheir was 
Axle configuration Distance along grade 
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TABLE 3 mn of Empty and and Loaded Tresks ateeeting to Number of Axles 


re 


“Average 
weight, 


| in kilograms 


4 te 
bee 


for each class of vehicle for Carmiel and Migdal-Ha’ "emek (Sites #2: ond #6 
_ respectively. Prominent among the findings \ were the following: airs 7 
l. The average speeds of loaded ‘trucks were the the slowest, and those 
passenger cars the fastest. el 
The average speeds at the (bottom) of each 
higher than the in initial speeds. trend was more pronounced for “passenger 


| 
| axtes 55.1 | 48.7 | 552 | 586 | 
546 | 443 | 503 | 560 | 576 
. a 42.1 | 314 | 394 | 41.7 | 478 © 
= 
od oi b tw deviation 1 
» Empty 4 ign? 8 18,220 952 


_ por and buses, and less s significant for loaded trucks although there was some 

_ increase speed forall groups. 
3. For trucks, average speeds at the second measuring station—whose distance __ 
from the beginning of the grade was about 20%-30% of the total site length—were & 
the lowest i in 1 all cases. s. This finding w was especially noticeable for loaded trucks. j 


4 the relatively short length of the grade. No manifestation of sustained speed ; 

was detected. It is reasonable to assume however that long grades induce q 
sustained downgrade “‘crawl’’ speed, as mentioned in a previous study (7). 
4. There appears to be a distinct difference in the behavior of loaded —— 
oa buses; the flow characteristics of the latter on Cre Oe are similar to 


i further breakdown of the speed data was made ae to truck axle 
_ configuration and number. ‘Results for the five cross sections at Carmiel site 


are presented in a Table 2. A Significant reduction in average spot speed pf 


relationship between number of axles and weight of en empty and of loaded = Soll 
as obtained prior to the main study in a pilot study especially designed for 
the collection of weight data. It can be seen that the average weight of loaded 


Hy During the course of this study, several measures, in two enieeten’3 


were 
_ developed: (1) Measures based on acceleration or deceleration; and (2) measures 
is based c on O spot speeds. The acceleration or deceleration measures, , considered 


q 
_ system was not designed for this type of data, which had to be ptrer indirectly. #) ~ 
_ It was decided, therefore, to concentrate on measures based on spot speeds 
; by comparing the spot speed at teach station, i.e., location of a pair of tapeswitches, 
Fe the approach speed, i.e., , the level operation just before the downgrade. 


For the downgrades studied, it was found that the spot gry at t the second = a 


} 


‘ approach- -speed gradient wa defined, and i is given | by Eq. th ast 
in . which Gy, = approach-speed gradient for vehicle k, in percent; V., = 3] = spot - 
7 speed for vehicle k at section . — speed); and V,, = spot = — | 
‘The average of all approach- ones gradients was calculated, at site, 
for all classes of vehicles. This is given by partie gery 


4 
| 
i 
| 
In whic = mean approach-speed gradient for a certain Class of vehicles, 
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DOWNGRADE ‘SPEED CHARACTERISTICS 


in percent; GV, = approach-speed gradicat for vehicle k; and n = 
‘ of vehicles of agivenclassatonesite, | 
_ The values of the mean approach-speed gradient were calculated for loaded 
2 trucks, , empty trucks, buses, and passenger vehicles and are presented in Table — 1 
a 4. The greatest reduction in speed was observed for loaded trucks; buses had a ) 
the greatest relative increase in speed, probably because of improved braking — 
systems and the greater skill of their drivers, compared with passenger car 
_ drivers. By plotting the mean gradient against the slope of the a 
- am increase in slope was found to be directly related to a gradient increase, 
a tendency that was much 1 more Pronounced for slopes of 6% or more. Greater 


’ although their contribution was relatively less compared to the slope variable. a 
associations are shown i in Table 4. 2.2 


the mean gradient i ee as the length and average grade increase. “i ao aia 


| 
4 


slope, 
percent 


Carmiel 1 
3 Bat-Shlomo 3 
Lavie 
Migdal Ha’emek| 7.7 
=f Minus value represents an | increase in mean speed; plus value, a decrease in mean 


Utilizing the regression “techniques, a ‘simple » models w were constructed, 4 
Waa 3) 
in which @-= = mean approach- “speed gradient for a certain class of vehicles, 
defined by Eq. 2; i = average slope of downgrade, | in) percent; L= length 
of downgrade, in meters; f,, f, = functions; and A, B = calibration constants. z 
4 The model that had the best fit to the data had an ve 7 and 


GV : 0. 0046 Le'+ 0.4; R*=0.93, F = 80.0 P 


= the ba base of the natural logarithm, an and all other par parameters are : 
= in Eq. 3. The coefficient of determination R and F statistics are defined - 
in the literature (4). The graphical presentation of this equation is presented | 
ink Fig. 4, along w with the memens d data. I It t can be s be seen en mean aieeel speed 
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gradients have a limiting value of 0. 4%, which may be interpreted as the ‘ ero 

gradient.” For values of Le’ that are less than 130, the mean gradient is less 
than 1%. Beyond 130, the mean gradient increases sharply and equals 5% for § 
- a value of 1,000. The contribution of the average slope of downgrade, i, has 
an exponential nature, and its contribution to the average gradient is more 
7 ‘Significant than is that of the length of the downgrade. After the hol d 


- 
‘t represents the site number 
sib | a 


| 
4 


"nature the relationship was established, truck passenger-car equivalents 
Car Eo Equivaencies ae 
An earlier section of this with the detailed development of a 
= method for the determination of passenger-car equivalencies (PCE) (2). 
_ The PCE was evaluated by the ratio of the average delay caused by one truck 
_ to the average delay caused by one passenger car. This proposed method is 
rather different from the regular approach (3), - which is based on the ratio 
of ‘the theoretical number of passings of one truck to the average theoretical 
number of passings of one passenger car. 
_ Based on the cumulative distribution of ‘spot speeds of passenger cars, a 
typical example of which is presented in Fig. 1, and on the calculated average > 
speed of empty trucks, - loaded trucks, and buses at all six sites, passenger 7: 
car equivalents have been calculated utilizing the delay measure (2). For 
ae comparison purposes, the PCE values were also calculated by the proposed 
method for a level stretch of two-lane highway. The results are presented = 
Table 5. This table shows that considerable differences i in passenger car oquve- , 
lents exists between empty and loaded trucks, as would be expected, owing ~ 
to the difference in speeds between the two classes. Also, buses were found — 
7 to have relatively low passenger-car equivalents on most downgrades. This v wes 
inferred from the relatively equal speed performance of buses and passenger — 
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“FIG. 4—S 
Slope 


> 


ry cars (note previously mentioned analysis and Figs. 2 ‘and 3). ‘The conclusio 


Calculated Pessenger 


Average Car Equivalents 


Downgrade 
in 


Carmiel 2 


Carmiel | 


on steep may assum assume of or more, suggested 
AND 
| purpose of | 


—* on ‘several rural downgrades. It was found that loaded trucks perl > 
reduce their speed at the beginning e a downgrade. The amount of reduction, 
_ termed the approach-speed gradient, was shown to be related to the length f 
and slope. of the downgrade, the second variable contributing exponentially | to 
} z increase in gradient. Empty trucks and buses were found to increase their 

_ Based on a previously downgrade passenger. car 

_ calculated for loaded and empty trucks and for buses. The values a 

a _ loaded trucks were found to be the highest; all downgrade values were se : 


_ Further research is suggested: (1) On other rural downgrades with an n additional 
1 variety of slopes and greater lengths; (2) on the flow characteristics of heavy 
 waides on multi-lane, downgraded highways; and (3) on methods for — 
of — based on practical application of such ‘research. 
1. Policy on the Geometric Design of Rural American of 
State Highway Officials (AASHO), Washington, 
Craus,  Polus, A. Grinberg, “A Revised for the Determination 


| 

| 
§ downgrades. Furthermore, since the passenger car equivalencies of loaded trucks 
TABLE 5.—Passenger Car Equivalents of 
wy Length, | Loaded mpty | 
Ag in meters | trucks | trucks 
| s00 | 106 24 | 33 

Calculation may be considered for further studies which willlead to development 
; 
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of Car E ‘Transportation } Vol. 14A, » No. 4, Aug., 
3. Highway Capacity Manual, Special Report 87, ores Rilo Board, 1965. 
4. Kmenta, J., Elements of Ee Econometrics, The MacMillan n Company, New York, N. ¥., 
’ 5. Kobett, D. R., et al., “Traffic Simulation for the Design of Uniform Service Roads 
in Mountainous Terrain, Volume II: Description and Validation of the Simulation,’ 
Midwest Research Institute, Kansas City, Mo., 1970. 
6. Policy for Geometric Design of Rural Roads, National Association of Australian State Ma 
Authorities (NASRA), 4thed., 1970. 
Webb, G. M., “‘Downhill Truck Traffic Bulletin No. 3 California Division 


=x B = calibration constants; 
e = base of natural logarithm; 
F = statistics which the 
- = mean n approach- speed gradient for certain class of vehicles; 
= average slope of downgrade; — 


aA seulsy yswol 


= coefficient of determination; 


Spot speed for vehicle k at section 1 (approach | speed); 


= speed for vehicle k k at section 2; and te vied! noober 
standard of spot speeds. hoibing ad) 
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on the DTT. A typical example of this is of commuters who wish to arrive 
$ work at particular times. The aim of this paper is to develop a method — 
for predicting route assignment when only the DTT and the total demand, between 
OD | pair, are known and the departure 1 rate is not known. The method 


= For the travelers, both their departure times from O and route selection depend 


developed is also capable of being used to predict their departure rate. 
problem was first considered by Hurdle (3). 

_ Hurdle (3) used a deterministic queueing model to find the traffic assignment - 

on the assumption that each traveler selects his route and departure time from 

O in such @ way SO as to minimize his own time losses. Although Hurdle => 


vers willingness to gamble on being - 


a opposed to early arrival at their destination, he did not incorporate them 
in his model. These aspects will be included in the | model being considered 
In this paper it is assumed that a traveler does not want to arrive at his 
destination late or too early and also he does not want to spend too much © 

time in the system. It is then assumed that the traveler therefore selects both 

his route and departure time from O so as to minimize his total cost, on the — 


‘Lect., Dept. of Civ. Engrg., Ahmadu Bello Univ., Samaru-Zaria, Nigeria. 
_ _Note.—Discussion open until August 1, 1981. To extend the closing date one month, | 
a written request must be filed with the Manager of Technical and Professional Publications, ce 
ASCE. Manuscript was submitted for review for possible publication on June 17, 1980. 
This paper is part of the Transportation Engineering Journal of ASCE, Proceedings of — 
_ the American Society of Civil Engineers, OASCE, Vol. 107, No. TE2, March, 1981. , 
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assumption that he some pescsived costs to and late arrivals 
This paper considers only | the case when all the iiiiees have the same 
DIT and O/D pair—although the result can be modified to incorporate the __ 
case when the travelers have different DTTs or O/D, or both. Therefore, it , 
will be assumed that the travelers behave identically and independently; by 
_ considering their behavior and the whole system as stochastic then the variability 
of a traveler’s behavior at different times and of different ~— is thus 


In this paper we shall use a stochastic approach to determine the combined 


temporal and route assignment of traffic during the morning peak period. We 
shall first develop a theoretical | bivariate stochastic model for this problem, . 
and later approximate the results by a ‘‘semistochastic’” model for practical 
purposes. This approximation shall combine a stochastic moiitl for the temporal | 
distribution with a deterministic model for route assignment. 

- The major assumption in this model is that a ‘commuter selects both his route 
and departure time from home in order to arrive at his destination on in 

_ by leaving home as late as possible. This model is an extension of the stochastic 7 


” ‘model for the temporal distribution of traffic demand (SMTD) by the writer 
|. 4 and Minh (2), with two decision variables instead of one. We adopt the discrete 
_ time approach as in Ref. 2. If we consider N time epochs only and there are : 
_ R routes in the network, then a commuter must now choose from N x R> 
— where previously in the SMTD he chose from N variables, __ 
_ We shall assume that each of the PF routes is clearly defined and that each 


Toute r Consists of a major link and a major. bottleneck, which has the 


jas which Sad = the minimum travel time on this route r; and, Ww" = 
‘4 ncountered by the commuter who started his journey on this route at epoch 
- Because the minimum travel time may be different for different routes we _ 
shall not ignore the value as done in Ref. 2. We shall therefore consider 
aaa time from home instead of arrival time at the bottleneck, in a 
We shall deo ast assume that there are J + 1 commuters using this system. — 
Except for the number of routes that has increased from one to R, every ae 
assumption that applies to the SMTD, applies to the ; assignment model we are 4 
_ Let us define v(d) as the route selected by ‘a commuter on the dth — 
and let t(d) be the epoch at which he departed from home on that day. Consider 
the bivariate process [t(d), aes d= ie our aim is to find a commuter’s 


decision for each day d, i.e.: 


| 


in which 0< (d) < = 1.0; and (d) = the joint 4 
& a commuter’s departure time from home and route selection for the ath 


Our interest is in the distribution of as 0, and 


the marginal distribution a,= ay N_, 1” (), which is the probability of a commuter i. b. 
choosing route r. First, let us extend the theory of the SMTD to obtain 7, (d). 
me it has been assumed that all the IT +1. commuters behave in a similar 


q and independent mannc¢r, we shall only study the behavior of the typical commuter _ 


= (Whom we name A, and who is one of these J + 1 commuters (compare to 


Ref. 2). Suppose A wishes to arrive at at his destination at epoch T. . Given that _ 

q he departed from home at epoch + = n, used route v = r and got delayed 
w” = i units of time, then he would arrive at his destination at epoch n & 
T, + i + S’, in which case one of the following events would occur: (1) n 

To t+ it S’ < T; and he is early by an amount T — a -i-_ 
to which he would attach a cost C’(n, i); 2) n + + i + S’ >T, and 
he is late by an amount n + T) +i + S’ — T to which he would a 
a cost C/(n,i); and (3) + +i =T, which is the desirable event. 
He also attaches a cost C*,(i) for spending T + i+ units of time to travel. 

_ The total cost incurred by this commuter A, C’(n,i), under the foregoing 


C’(n, nic, (i) + i), if n+T% +i+S’ vote 


Most assignment  tochaiques consider only the cost due to travel time, 
i.e., C. (i), because me desired time of serival at a destination i is not t considered 


“work- to-home’ model also ‘considered just (i), for the “home- to- 
“work” model the inclusion of C/(n,i) was implied although he more or ah 
_ Pye it to be infinity, for all m + i + T, +S’ > T. This assumption for _ 
a the home-to-work model is not completely true because some commuters still 
"arrive at work late. Hurdle, however, went further to consider the importance 
3 considering the tradeoffs between arrival times at work (late or early) and - - 


4 


delays (excess travel time) in the system. ai, 
ee Donita the delay encountered by A on the dth day, , w" (d) = i, i if he = 
“used ‘route r r and departed from home at epoch n, n, let , (d) Pr w” 
Suppose on the dth day A departed from home at epoch n and used route 
an If he got delayed i units of time then he would incur a total cost C’(n,i). 
If for the (d + 1)th day he wishes to reduce his total cost, and therefore e 
changes his departure time from home to epoch m and uses route s. If for __ 
this (d + 1)th day he gets delayed j units of time, then by the same sort of a 
arguments used in Ref. 2, the reduction in cost associated with this change 
is given by [C’(n,i) — C*(m,j)]*, in which (8)* = max (0,8). Let q%’,,(d) 
be the expected reduction in cost associated with A changing his route from 
= r and departure time from home from epoch n on the dth day to route — 
and on the + then, Tn. isgiven by: 


| 
7 
q 
: 
~ 


_ A’s choice departure time from home and route for the (d + ‘Dth day, ay 7 
[r(d + 1), v(d + 1)], depends on the values of q**,,(d), which he estimates g 


by m(d) in in which, « the came as the in Ref. 2: 


Pr + 1) = m m, v(d + 1) = s| t(d) = 


j 
(a) 4 (d), and using arguments similar to those for the eSMTD, 


1, for res and n=m mes beng 


= =0, otherwise, if (d) = 


the other I communes behave in the same way as A pom we 
- drop the name label and consider the system either as seen by an arbitrary — 
commuter or as seen by all the J + commuters. 


Let us define an (N x R) X (N xX R) transition | matrix T* (d) ‘such that 


define an an(N x R) vector 11“ (d), such that 1“ (a4 (d).. \y(d) 
2 (d) ... mid)... then a commuter’s decision as to which epoch 
to depart from home and on which route to travel on the (d + 1th day | can 
be set up as a two-dimensional Markov Chain with a time- inhomogeneous — 
As in the SMTD, we assume that there exists a limiting distribution 1“ 
; lim 11“ (d) which coincides with T* = him T“(d). Our interest is to find n* 
Which gives us the information we require the combined temporal distribu 
tion and route assignment of traffic over the network. 
7 _ This model is an extension of the SMTD, and their algorithms are Pe a 


-Is 


_ similar. However, due to the large dimensionality of the present model its 

4 _ computation time and storage requirements are astronomically large—on the 

a order of R’ of those required for just the temporal distribution of traffic demand = 
- On one route, considering only | one iteration in each case. We shall Jom: sll 7 
g some heuristic judgment, combined with some known properties of the 
BT traffic, to approximate the foregoing algorithm for practical purposes. _ 


APPROXIMATE Pr Procepune FOR ASSIGNMENT OF Peak Perion Trarric 


e Let us assume that the number of commuters, J + 1, involved in this system wy 


is quite large. Let — me the time being, that we know the values al 


Ve 


q 
| 
4 
4 
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TIME -DEPENDENT ASSIGNMENT 
of a, (rF = 1, 2, ..., R), in which a, = the p probability that a commuter uses ~ 
_ Foute r. If, of the total population J + 1 using the system, J, commuters among — 
them use route r, then the law of large numbers ensures that 


For practical purposes let us assume that I, is an ‘integer. r. By the preceding, 
arguments, if there exists a steady-state solution for Eq. 7, then J, is fixed — 
and constant. We can then assume that /, is the total population of commuters 
who have decided to use route r after having tried all the other routes. It : 
therefore follows that these . I, commuters will always “use route rand select 
their departure times from home as in the SMTD. Let us call the departure = 
_ process obtained via the SMTD the suboptimal departure process (SODP). If 
_ we know the value of J, then we can use the SMTD to obtain this departure 
process for route r; let this” SODP for ‘this route r used the 


‘then it is reasonable to assume that II, can be approximated by rk 


=1/0+)= 


& Let us define EC Md, as average total cost i wwe bye each 


in which , W" = the with fi, 
us relabel the routes in their order of “‘attractiveness,”” 
ignore the trivial « case of EC. EC, ¥r s, for the time being. 
As mentioned earlier, a commuter’s ultimate aim is to select a route and 
a departure process that he thinks will minimize his total cost. It is therefore _ 
evident from Eq. 11 that if there is only one commuter using the system then 
: he will definitely use _ route 1. In which case he will incur an expected total 
— cost of EC, (1), with his departure process, in this case, being deterministic. 
Suppose a second commuter is introduced into the system. Let us assume * 
= this second commuter behaves in the same manner but independent of 
the first commuter. This second commuter r will also Probably think of using 
s. If both which they 


= 
7 posite for him to use route 2 and find a departure process for which the ; 
expected total cost he would i incur | be less than E The jeommuters 


a 
| 
a | 
le | 
 EC,T,)= 
sive 
| 
{ 


1, if EC, (2) < EC, (1), | or; r; (2) ¢ one uses $ route 1 “and the other t uses ; route: 2, 
if EC, (2) > EC,(1). Thus even by this approximation method, traffic assignment 
is still a bivariate decision-making process, with both the route and — 
time as the decision variables. Note that when EC,(2) = EC,(1), both the 
4 foregoing solutions are equally reasonable and likely. When such situations arise a 
in real life, the other intangible ‘system variables w would usually. dictate a 
_ This strategy can now be extended to the case involving all the J + 1 number — 
; of commuters and all the R romtes. Using the same arguments as before it _ 
can be shown that all these J + 1 commuters will select their routes in such 


EC -U, )< r= l, 2, 


mA ‘Conditions i in Eqs. 12 and 13 merely state that the commuters assign deiialls : 
to all the routes such that the average expected total cost to the st those 
— route r is less than or — to the average expected total ¢ cost to those 


cost to those using route r r+ 1 ‘could be ‘reduced if one commuter switches 

_ from this route to route r, no commuter will make this switch because if he g 2 
_ did he would incur more cost than he would have had he remained on route | 
- + 1; on the other hand if a commuter switched from route r + 1 to route r 

under ‘such conditions, then another « commuter would have to ) switch ti to route 

; similar to o the | user r equilibrium ‘assignment c criterion, n, with ‘travel time a 
iby the average expected total cost. Another way of looking at this is that since - 
route ris more “‘attractive”’ than route r + 1, at least under equal flow conditions, — 
a commuter will always prefer to use route r. However, he will switch to route y 
r + 1 if, and only if, the cost he will incur r when using Toute | r + 1 is — 


Basically the proposal of what a commuter goes through in selecting his route, — 
even according to this approximation technique, is not independent of the time | 
he departs from home, which dictates his arrival time at his destination. Initially, 
he arbitrarily selects a route anda time. He then his departure 


he thinks “minimizes” his expected total cost. However, ‘if he is still not stsied 


_ with this minimum cost he incurs on this route, he will then try another ob ; 
On this new route he will search for another SODP to which there will be 
- another expected total cost attached. After trying many routes and seeking 
the ‘‘best’’ departure process on each of these routes, a commuter finally settles x 

for that route on which he incurs the ‘“‘least’’ expected total cost. These arguments — , 

led to Eqs. 12 and 13. This procedure uses: 4 stochastic procedure for saocting, 


hy 
{ 
| ‘ (12) 
ow 
4 
&§ on 
: (14) 
g 
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‘For the assignment “procedure, we are looking for a unique set 
valves of I, ,-, that satisfy Eqs. 12, 13, and 14 and the associated SODP. be 


The computational procedure for this assignment is fairly similar to that used a 
g capacity restraint. The first step in this procedure is to consider one route » 
_ r separately and load some known number, J, of commuters on to this route. 3 
_ Using the SMTD, obtain the “*best’’ temporal distribution of these J, commuters’ 
1 n departure times from home while using this route (i.e., the SODP), which is 
a given by fi, ; and also o obtain 1 the average expected total cost EC,(I,), associated P 
with this distribution. Then increase J, and repeat the foregoing until J, > 
g + 1, depending on how competitive all the routes are. For each value of 
dL, there is an associated vector fl, and a value EC, (/J,) which have both now - 
‘been computed. This process is further carried out for all the other oi 1 
routes in the system. An a+ 1) x R table of I, versus EC,(I,), 1 
=1+1,+%, can thus be set up. In some circumstances, a graphical 
these might be more convenient for usage. 
3 _ The next step is to consider the first route (r = 1) and assign all the I+ 
- l commuters to this route. Then test and see if EC,(J + 1) < EC,(l). If 
“this: is true, then all the J + 1 commuters would use route | and the other 
‘toutes will not be used at all. However, if EC,7 + > EC, (1), 
then the / + 1 commuters are assigned to both routes | and 2. This is done — 
using the equality condition that EC,(/,) = EC, (I 2), if a graphical method 
is employed, keeping in mind that J] + 1 = J, + J,. Having obtained the values 
of J, and I,, which might not be integer valees, they are rounded off to satisfy 
Eqs. ‘13, and 14. However, if the direct figures from the table are 
: then I, and J, are chosen en by a a trial and error procedure until Egs. 12, 13, ! 
7 and 14 are satisfied. A graphical method is probably simpler and faster, particularly bo 
7 when the values of J + | and R are large. It was discovered, however, that 
3 when all the three cost caumaling are linear and nonzero, in most cases =e 


the ‘Telationship between 1, and EC, (, ) i is linear and a an n analytical method can 


to routes. 7 and 2, we then ‘test ‘whether EC ) <= EC, (). If this is 
_ then the assigned traffic remain as before, otherwise all the traffic are assigned 
to the three routes as done previously such that EC, (J;) = EC,(/,) = EC,(/4), 
- in which J’ = the number of commuters assigned to route r at this stage, — 
keeping ‘mind that] + 1 = I, +1, +15. This process continues until all 
i the 7 + 1 “commuters have been assigned to all the R, routes being used, in 7 
_ which R,, = R. The final value of J, assigned to a route r denotes the t number 


of commuters using that route, and the corresponding fl, is the distribution — 


vector of these commuters’ departure times from home. Before we provide 
an illustrative a. let | us: briefly consider an important aspect | of the c the cost 

4 It was explained in Ref. 1 that it is a reasonable approximation to assume 

¥. that the cost parameters are all linear for most commuters. There we let: Maw Lm 


——— 


C’(n,i) = Cx + C7 x (n+ To + i+ 


if we consider only the cost for delay and assume ‘that Ch: = =C 
‘is well known that even if C’, is a constant the expected total cost ‘EC -U,) 
is convex and increases monotonically in a nonlinear manner as tl the total 
Population, ‘increases. This i is further shown i in Fig. where = 1.0 and 


= 0.0. However, when > 0, C; > 0, and > 0 and ¥ are 


> 


be, ‘‘normalize’”’ the cost due to delay to produce a linear relationship between 
; EC, Ad, ) and a The normalizing in this context implies that for those travelers 
_ who incur high delay costs we would expect them to do so only if they expect 


all constant we find that the cost for earliness or lateness, as the case may 


FIG. 1 —Relationship between EC(/) and I, when Cost for Delay Is Linear and creer 


_ than Zero and Other Two Costs Are Zero 
to incur low cost for either lateness or delay and vice versa. The reason bles a 
_ that these costs only represent tradeoffs and act as balancing factors. This 
_ postulate is further supported by some simulation results where nonzero linear : 
_ cost functions are assumed with different rates and the number of commenters ah 
_ varied. The results are presented in Fig. 2. For curve | the costs for earliness, — 
_ lateness and delay were assigned the rates of 1.0, 2.0, and 0.5, respectively, — 
and for curve 2 these costs were assigned the rates of 1.0, 1.0, and 6.5, respectively. q 
The units of these costs can be assumed to be, say, dollars per unit time. 
tt both cases the relationship between EC,(/,) and J, is linear, as expected. “4. 
_ We therefore suggest that for the aforementioned kind of problem EC,(/,) — 
can be approximately represented for each route r in the form: = a TB aa 
which the t two coefficients | and can be obtained by first’ obtaining 


as) sf 

| 

— 

| 

| 

a 


Bs Pe to estimate the best fitting values of these coefficients. ~The term B° 

a is a function of the minimum travel time on route r and the cost associated 
with this value, i.e., C’,. The term, B! , is a function of the commuter’s jaja ; 
time at the destination, which depends on the capacity of the route r he travels _ 
on, thus it depends on all the three cost es Let us use —_ hypothetical 


illustrative purpose us consider a system consisting of two 


OMMUTER 


oe 


nN 


CTED TOTAL COST TO EACH C 


Dat 9:00 If we observe the system between 8:00 a.m. and 9:20 a.m. 

and let the spacing of the epochs be 5 min, then N= 16andT=12. 
We shall find how all these commuters Ss assign themselves to these two routes — 
over the time period N, under different cost structure and varying route factors t } 
Case 1.—Suppose that all these commuters attach linear costs to earliness, — 
7 lateness ai and delay with the rates 1.0, 1.0, and 6.5 respectively; and assume a 
that these Tates | are the the same for both routes. If under this cost structure: EOD 

a . The minimum travel time on both routes are the same and equal to 10 
in, S(T): = T; = 10 min); the capacity of route | is 20 commuters /min and 

the capacity of route 2 is 10 commuters / min, then the number of traffic assigned | | 


to each route will b be by /, = 667 and J I, = = 333. aie: 


4 
| | commuters wanting to go from O to D and that they all want to arrive at 
@ time epoch |! amd end | 


a 2. Everything remains the same as in item ie ‘that the travel 
_ time on route | is increased to 15 min. The assigned traffic now becomes © 
= 305 and J, = 695. This considerable change in the assigned traffic is 
"brought about by the fact that the most sensitive cost parameter is the cost 
pe for delay (time in the system), v.42 which is quite dominant. Therefore, increasing _ 
» %& from 10 min-15 min makes the average total cost to a commuter, using © 
e Ps route 1, go up by a reasonable amount, thereby making this route Pi muc 
3. We further increase the capacity of route 2 to 20 ‘commuters /min and 
ig let everything else ; remain the same as in item 2, then route 2 gets so ‘much > oat 
- more attractive than route | that all the 1 ,000 commuters will switch to using baer 
route 2, i.e. 7, = 0 and I, = 1,000. 
a: Case 2. —Suppose that we Change the rates of the costs to C? id 
= 0.5 forr = 1, we that 


ROUTE 2 (r=2) / 


3.—Tem pora 


em the assignment of traffic on the two routes remains ‘the : same as for — 
case l, item 1, = 667 and J, = 333. The distribution of these 


ut 2. T, = 15 min, T2 = 10 min, 1/S' = 20 conenemn Toit and 1/S? 

te 10 commuters / min. The assigned traffic would be J, = 630 and J, = 370. 

- The assignment does not change as much, compared to case 1, item 2. This” FA 
is because in this present example the cost to time in the em: Cc. is not 
= 15 min, = 10 min, 1/s' = 1/8? = 20 commuters /min, all the 
commuters will | switch to using 2: as in case 1, item 3. 

In both case 3 and case item 3, all the 1,000 commuters were 

& able to choose their departure times from home and use route 2 and still incur 


'y less total cost than they would have had they used route 1 and even ‘incurred 


ae 
a’ 


use route 1. In fact, if this happens then under case I: I= 458 and iy 

1,542 and under case 2: J, = 945 and J, = 1,055. une 

a In this assignment model we have shown that if most of ‘the traffic system . 


d : users during the peak period are commuters then it is very important to include, 


in the factors that affect their route choice, the desire for them to arrive at 
a wor at a particular ti time » Which de does affect the temporal distribution of their 
generation and commuters’ route choice during t the peak period ar are , interdepe 


In the next example we shall show the difference in our results if we ignore _ 
both the cost for late and early arrivals. 
Case 3.—Suppose that we change the rates of the costs to Cl = C) = 0.0 : 
‘and Ci, = 1.0. This is equivalent to the situation when the commuters do not 
havea particular time at which they prefer to arrive at their destination provided | 


; _ they arrive at any time between epoch | and epoch N, i.e., a shopping trip 


(that could be made at any time between 9:00 a.m. and 5:00 p.m.). For this | 


4 - cost structure the relationship between EC,(J,) and J, is however not linear 
. ‘The corresponding assigned traffic under this cost structure will be as follows: “ 


a, a = 667, I, 333 which is the same as case 1, item 1 and case 2, 
— I, = 10, I, = 840. Note that the traffic one to route 2 is even 
_ greater than in case 1, item 2. This is once more explained by the fact that — 
— the cost due to delay (or excess travel time) is the most dominant or the only — 
3. J, = 0 and J, = 1,000, similar to case 1, item 3 and case 2, item 3. 
has etinu beyslad TO! fers 
a In this paper we have considered the effect of destination target time on 
route selection. In reality we have combined both the temporal distribution — 
of traffic generation and traffic assignment as a simultaneous and interdependent 


4 ‘tions ‘described in section 3.3.2 of Ref. 1. Therefore, ‘this algorithm is quit 
-_ suited to problems involving planning and control of traffic on major routes. a 
_ To use this model for practical purposes the values of the cost coefficients 
_ have to be known. Whereas finding the values of these coefficients in itself — 2 
E is quite involved, they can be obtained as calibration factors for a known ween 


situation before such traffic situation can be analyzed. These factors have been 
obtained in Ref. 1 for both the southbound and northbound traffic using the = 7 


l. Alfa, A. S sia Model for the Temporal Distribution of Peak Traffic Demand— = 
mom, Calibration and Application to Route thesis presented to the 


163 
a 
‘ ‘ On) DT OD iT) tite DCOTDOTA De 
: sydney Harbor Bridge during the morning peak period. 
: 


New ‘South Wales, at Kensington, N.S.W. in 1979, in partial 
_ fulfillment of the requirements for the degree of Doctor of Philosophy. = ~~ . 
s&s Alfa, A. S., and Minh, D. L., ‘‘A Stochastic Model for the Temporal Distribution — 
Traffic Demand—the Peak Hour Problem,’’ Transportation Science, Vol. 13, 
3. Hurdle, V. F., “The Effect of Queueing on Traffic Assignment in a Simple Road 
Network,”’ Proceedings of the 6th International | OS on Transportation | and 
Traffic Theory, D. D. J. Buckley, ed., d., PP. ‘519- 540. Th ee 
The following symbols are used in this paper: Se Tar 
(n,i) = commuter’s total cost given that he departed from 
belay ab home at epoch n, used route r and got delayed 
Compl = max Comps 
cost coefficient for earliness on route r; 
= commuter’s cost for being early at his ‘destination J 
wedi by amount T n - T% given that he 
Aha departed from home at epoch n, used route rand 
cost coefficient for lateness on router; 
= commuter’s cost for being late at his destination 
by amount + i + S’ + Tj — T, given that he 
departed from home at epoch n, route r, and 
cost coefficient ier delay on route a. 
. = commuter’s cost for being “delayed i “units” and 


S’ i units of time to trave 


) = expected total cost to commuter, given that he uses" 


number of « commuters to route r A 


bytes est -muter if he changed his departure time from home 


= total expected reduction in cost incurred com- 
a route from epoch n and route r on dth day 


‘Seale - to epoch m and route s on (d + 1)th day; a 


number of routes being used commuters; 


by | 
™ = minimum travel ime on router; 
ait = traveler’s travel time on routes siven that he started 
| ee day” his journey at epoch 


7 distribution [i.e., ,W/"(d)] associated with 
oat ow "(d) = delay to traveler on route r, given that he arrived 


bottleneck at epoch n, on ath day; 


= “regression coefficients for linear be- 
"tween total cost and number of commuters; 


Ar Seciety of Ma Tag 


rid — sia 4 
| 
q q 
IN vector with its nth element given as/(d); 
I wad) = 
(d) = route selected by commuter on dth day; 
| = destination target time (DTT); 
olumn 
z= 


- 
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and Robert C. Deen,’ F. ASCE 
Reviewed by the Highway Division) 
; In 1977, a methodology was developed to evaluate the behavior or performance E 
of flexible pavements using dynamic (Road Rater) deflections (14). This m method 
utilized deflections computed by elastic theory using the Chevron computer 
program (7,15) to simulate Road Rater deflections. This methodology involved _ 
_a series of graphical interpolations and required considerable engineering judg- 
_ ment. Modifications presented in this paper refine and simplify the procedure 
_ Nondestructive tests of pavements have been empirically correlated with field ; 
strength tests. There has been considerable use of elastic theory and dynamic 
testing to estimate layer moduli. Equipment used has included the Benkelman 
beam, the California traveling deflectometer, a falling-weight deflectometer, the 
Dynaflect, the Road Rater, and other vibratory testers (8). 
the various devices available for the nondestructive measurement of 
- pavement deflections, the simplest and most commonly used is the Benkelman 
_ beam. The Benkelman beam uses a lever to measure the rebound deflection - 7 
« the tires of a test vehicle of known weight roll past the tip or “probe” - 
: _ of the beam (29). The beam has been successfully mechanized, making it possible . 


to measure deflections continuously under a moving axleload. The California 
deflectometer is one device utilizing the (8,29). 


7. * Asst. Dir, Div. of Research, Bureau of Highways, Dept. of Transportation, 533 South 
Note.—Discussion open until August 1, 1981. To extend the closing | date one ‘month, 
_a written request must be filed with the Manager of Technical and Professional Publications, 4 
ASC E. Manuscript was submitted for review for possible publication on June 3, 1980. 
‘This paper is part of the Transportation Engineering Journal of ASCE, Proceedings of — 
g the American Society of Civil Engineers, ©ASCE, Vol. 107, No. TE2, March, oe) 
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Benkelman beam can be to ip pavement performance; 
such analyses have been incorporated into overlay design procedures (12, 29). oe 


= WES 72. 6-kN and 40.1-kN (16-kip and 9- “kip) vibrators, and the Shell 18.1- kN 


(4-kip) vibrator (8). In general, vibratory testers induce a steady-state sinusoidal 
vibration in the pavement with a dynamic force generator. The magnitude of 

the dynamic force and the means by which the force is generated are the primary 7 
differences among vibratory testers. An impact device (the falling-weight deflec- 
tometer) measures the surface deflection —e when a known rn weight is 
dropped a specified distance (8). 
_ Deflection bowls have been used to study p: pavement response characteristics — i 
(3,5,6,10,11,25). Both empirical and theoretical analyses utilizing elastic theory 

have been considered. Factors considered in the evaluation of the deflection — 
bowls, such as defined by dynaflect data, are maximum deflection, spreadabiiity, : 

- Surface curvature index, base c curvature index, and the fifth sensor deflection. 4 


expressed a as a percentage of the maximum m deflection, is a measure “of the ; 
ability of the pavement structure to distribute the load. The surface curvature a 
index is the difference in deflections at the first and second sensors. It is a Ca 
_ measure of the condition of the upper layers of the pavement structure. The =) 
_ base curvature index ii is the difference between the deflections | at | the — 


‘layers. Normally, the maximum | deflection is an indicator of the condition of ~ 
the bound layers while the deflection at the fifth sensor is an indicator of 

_ The falling-weight deflectometer also has been used to study pavement behavior. 
Procedures have been developed which incorporate -falling-weight data into 

overlay designs for flexible pavements (4). | 
- Kentucky research has used Road Rater deflections since 1972. Other organiza- = 

tions have used Road Rater deflections to evaluate the structural condition 
of flexible pavements (1,9). Procedures presented in this paper have evolved * 

b from several earlier studies (14,15,18,19,22,23) and represent those currently "1 
used in Kentucky. Research is is continuing to further refine the evaluation process. 


Characteristics « of Road Rater.—The testing head of the Kentucky Road Rater a 
- - consists of a vibrating mass weighing 72.6 kg (160 1b) which impulses the pavement. 
The test head is lowered to the pavement until the hydraulic pressure of 4.82 7 
_ MPa (700 psi) produces a static load of 7.428 kN (1,670 Ib). The mass is vibrated 4 , 
using preselected frequencies of 10 Hz, 20 Hz, 25 Hz, and 40 Hz. The forced 
motion of the pavement is measured by velocity sensors normally located at 
0 mm (0 ft), 305 mm (1 ft), 610 mm (2 ft), and 914 mm (3 ft) from the center 
‘ Vibrating the mass at a frequency of 25 Hz and an enpitede of 1.524 mm 
©. 06 in.) results in a peak-to-peak dynamic force of 2.668 kN (600 Ib). Once © 


4 


— 
| 
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the dynamic fore: force is is set for a given frequency and amplitude, the other preset _ 

frequencies will vary the amplitude of the vibrating mass such that the dynamic id 

_ force remains fixed. The composite loading consists of a dynamic force of | 4G 

2.668 kN (600 Ib) amplitude oscillating about the static load of 7.428 kN (1,670 - 

- Superposition Principles.—The Road Rater loading is transmitted to the pave- _ 

ment by two ‘“‘feet’’ symmetrically located on either side of a beam extending 

ahead and carrying the sensors. Superpositioning is applicable provided the 

_ deformations are . small and do not substantially affect the action of ex 7 


forces. A linear | relationship between displacement and external force must exist 
or be assumed to exist (24). Applying superposition principles to the Road Rater, . 
7 the deflection resulting from the load applied to one “‘foot’”’ is added to the 
= deflection due to the load applied by the other ‘“‘foot.”” fer the symmetrical A 
A conditions of the Road Rater, deflection calculations only need be made for 
one “‘foot”’ and the radii corresponding to each sensor location. 
Ja _ The dynamic loading (sine wave) of the Road Rater can be approximated 
_ by a square wave such that its amplitude is 1/V 2 times the amplitude of the 
_ sine wave. The maximum and minimum loadings of the square wave are 8. 7 
KN (1,882 Ib) and 6.49 kN (1,458 lb). From symmetry, the loads on each ‘‘foot’’ . 
= 3 the test head are equal to 4.186 KN (941 lb) and 3.243 kN (729 Ib). The 
> _ dynamic d deflection is defined by D(total) = [D(4.19) — D(3.24)] x 2, in which 
ae ‘D4. 19) and D(3.24) represent the deflections calculated by the Chevron computer 
program for the maximum and minimum loading conditions on one ‘“‘foot.”” _ 
_ Input Parameters for Chevror Computer Program.—In addition to load, required 
_ inputs to the Chevron program include a contact pressure corresponding to 
the: (1) Load; (2) number of layers; and (3) the thickness, Young’s modulus, — 
and Poisson’s ratio for each layer. The contact pressure of the maximum and _ 
minimum loads are varied to maintain a constant area [102 mm x 178 mm 4 
64 in. X 7 in.)] for each ‘‘foot.’’ The following constants were used to calculate | 
2. Load = 4.186 kN (941 lb): Contact Pressure = 0.231 MPa (33. 5 psi) 
. Load = 3.243 kN (729 lb): Contact Pressure = 0.183 MPa (26.5 Psi). 
al day matrix of asphaltic concrete (AC) thicknesses and moduli, dense-grade i... 
- aggregate (DGA) thicknesses, and the constants indicated herein were used as 
input. Simulated deflections were calculated using elastic theory; these deflections | 
_ were used to develop theoretical relationships presented in this paper (14,15). ee 
a Moduli of granular bases (£2) are a function of the moduli of the confining | 
layers of asphaltic concrete (£1) and subgrade (E 3). The modulus of the crushed © 
stone layer is estimated from the relationship E2 =F x E3, in which there r 
_ is an inverse linear relationship between F and log E3. The ratio of the modulus 7 
of the base to the modulus of the subgrade is equal to 2.8 at a California 
Es _ bearing ratio (CBR) of seven and is equal to 1.0 when E 1 equals £3, i.e. s 
£ 1 = E2 = E3—+the case of a Boussinesq semi-infinite half space (22). Subgrade © ‘ 
moduli in pounds per square inch may be approximated by the product of — ; 
is ‘the CBR and 1,500. This method of estimating base moduli appears = 5 
for normal considerations up to a CBR of about 14, 27 »28). 


| 


3 asa function of f requency of loading and temperature. Conditions for the current — 
oy thickness design procedures and the method for conducting Benkelman aay j 
beam tests correspond to a modulus of 3.31 GPa (480 ksi) at 0.5 Hz and a Soul 
_ pavement temperature of 21.1° C (70° F) is 8.27 GPA (1,200 ksi) (19,20,21). « 2 ; 
- Because of the significant effects of temperature on modulus of elasticity 
4 of asphaltic concretes, a system was developed to adjust deflection measurements | 
to a reference temperature and modulus. The adjustment scheme used ratios oe 
of deflections at reference conditions to deflections resulting from arrayed = 
variables of layer thicknesses and moduli (14,15,16,18,20,21). 
Foundation (subgrade) stiffness is a factor affecting the behavior of a ae 
structure. Variations in subgrade support occur mainly as a result of variations ” 
i in moisture contents and in soil types. A significant decrease in subgrade stiffness 
(or modulus of elasticity) will result in a loss of ability to support the pavement = 
structure adequately and will lead to increased distress in the layers of the © 
structure. Signs of distress include wouting, increased roughness, and cracking 
_ Estimates of subgrade strength are necessary to evaluate overall pavement ord 
conditions. A ‘‘design’’ condition exists when there is no loss of “effective” 
/ thickness in any of the layers. A knowledge of as-built (design) thicknesses __ 


of layers is necessary before an evaluation of the pavement structure can be 
_ made. Those thicknesses should be available from construction or maintenance 
records or both; cores also may be obtained to determine or verify layer __ 
_ thicknesses. Generally, conditions involve deterioration in the layers of the : 
_ Structure . This means that the individual layers are behaving similar to another — 
: ‘combination of layer thicknesses composed of new-quality materials, i.e., the 
_ structure is behaving as an “effective” ‘structure. In such a case it is necessary 
to estimate the ‘“‘effective”’ "thicknesses of the deteriorated structure. 
Descrisinc Snare or Dertecrion 
‘The analysis of deflections involves the shape of the ¢ deflection bowl (3,5,6,10, ; 
i, 12,14,15,23,24,25,26). The Number | projected deflection, an empirical eval- 
ne of Road Rater deflection data (14,15,16,23), is obtained by extrapolating EP’ 


a straight line through the deflection values of the Number 2 and Number = | 
3 sensors when log deflection is plotted as a function of the arithmetic distance eo 
from the load head. The deflection at the position corresponding to the Number _ 

1 sensor is the Number | projected deflection as shown in Fig. 1 which is 
< 2 example difference between Number | sensor deflection (1M) and Number > 
1 projected deflection (1P) for normal pavement behavior (14,15): Number 1 
: projected = exp (2 log Number 2 deflection) - - — (log ‘Number 3 deflection)] . 


of all deflections are indicative of the shape of the deflection bowl. ‘ 

Fora given pavement structure, asphaltic concrete modulus, and subgrade ; 

modulus, there is a difference between the Number | and the Number 


the Number and the Number | sensor deflections, a and the magnitude 
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E DYNAMIC PAVEMENT DEFLECTIONS 


I se sensor deflections for theoretical deflections (Fig. ). Similarly, | there is a’ 
a difference between these values for field-measured deflections. Normally, 4 
2 the differences between the Number | projected deflection and the Number _ 
” sensor deflection for both theory and field measurements are the same. Slab — 
deterioration is is indicated when field measurements indicate a sensor 
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FIG. 4 —Deflection versus Distance from Load Head and neticahintes of Number ro 


1 Projected Deflection for Normal ny rey Behavior (14,15) io 
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AG. 2 .—Deflection versus Distance from Load Head and Determination of Number 
1 Projected Deflection for Pavement with Weak Asphaltic Concrete Layer (14, 15) fe 
4 deflection g greater ‘than the Number ‘1 projected deflection as shown in in Fig. 
2 which is an example difference between Number 1 sensor deflection (1M ) : 


may be indica 


{ 
4 concrete layer (14,15). The difference between these values is greater than the 7 
| “ difference for theoretical deflections. A foundation problem, or lack of supporting _ 
by increased magnitudes of all field deflections 


and a Number | pelaiied deflection greater than the Number | sensor deflection — 
0 _ as shown in Fig. 3 which is an example difference between Number | sensor > 
: deflection (1M) and Number | projected deflection (1P) for a pavement with © 
a yg Me ae problem (14,15). Also, the difference between the Number a 
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FIG. 3.—Deflection versus Distance from Load Head and Determination of Number 


: 4 Projected Deflection for Pavement with Foundation Support Problem (14, 15) a 
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FIG. 4.—Relationship between Road Rater Number 1 Projected Deflection and “tes 


Rater Number 1 Sensor Deflection [Field Measurements In Indicate Foundation Supp “ 


ROAD RATER NO | MEASURED DEFLECTION (AMLLIMETERS 


1 stead deflection and the Number | sensor deflection for field 1 measurements 
should be greater than the difference for theoretical deflections. 


q 
— 
| | 
ad projected deflection 
log-log form may be us Jeriections versus Number I sensor deflections 
be used to identify variations i 


pynamic PAVEMENT DEFLECTIONS 


“solid lines i in Fig. 4 show the theoretical relationship between Number | aa : 
= and Number | sensor deflections for a constant structure and asphaltic concrete | 
_ modulus. Subgrade modulus varies along the line. Points about the line represent 
4 field-measured deflections. The two dashed lines indicate the variation in position 
of the theoretical line due to changes in the magnitudes of the deflections by 
“plus | or minus one unit” (2.54 x 10~* mm or 1 x 107 in.) on the Road [| 
Rater Meters and the associated in calculated Number projected 


“hae 
Knowing layer thicknesses, i ais were developed (from elastic theory) 
between theoretical deflections and ay tay moduli for a constant (reference) 


Eg, SUBGRADE MODULUS OF 


THEORETICAL RELATIONSHIP 
a E, = 8.27 GPai\,200,000 PS!) 
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FIG. 5.—Theoretical Relationships: Road Rater versus Subgrade Modulus of Elasticity — 
for Constant Structure and Asphaltic Concrete minor 
Road Rater deflections a adjusted to a constant (reference) modulus of asphaltic — 
concrete and associated temperature may be used as input. For each field ‘ 
deflection, there is a corresponding predicted value of the subgrade modulus - 
_ The methodology for estimating subgrade strength has evolved through several | 
stages. Initially, the first three sensor deflections were used to obtain three 
estimates of the subgrade modulus. The methodology was simplified so only 
Ee the Number 2 sensor deflection was used (14,15,23). Further refinements in ; 
_ the procedure utilize the Number 2 and Number 3 deflections to compute y - 
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_ Foundation or Subgrade Problems.— When a foundation or subgrade problem — 
exists, ‘the deflection bowl is much “‘broader” and ‘“‘flatter’’ than would be 
theoretically expected, and the magnitudes of all the measured deflections are 
greater than those predicted by elastic theory (Figs. 1, 2, 3). Limited test data 
have indicated that excessive moisture in the subgrade could result in a measured 
_ deflection bowl of this shape (9,14,15,23). In areas where there were suspected | 
problems with the subgrade and supporting (unbound) layers, tests indicated 
- ther was more variability among the Number 2 and Number 3 "deflections 7 
than among the measured Number 1 deflections. In such a situation, - either ; 
the Number 2 or Number 3 sensor deflections, or both, and the associated — 
Number | projected deflections are noi matching elastic theory (Figs. 3 and — 
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_ FIG. 6.—Combined Plot of Number 1 Deflection versus Number 1 Projected Deflection 
versus Subgrade Modulus ‘Method for Estimating Subgrade Strength 


Bound Layer there is a deficiency in the bound 
_layer (asphaltic concrete), the deflection bowl bends sharply about the point 
of application of the load (Figs. 1, 2, 3). The measured Number | sensor deflection 
is considerably greater than its theoretical counterpart while the Number 2 and 
- Number 3 deflections very closely match predictions from elastic theory (Fig. 
2). This condition can also be illustrated by the plot of Number | projected 
deflection versus Number | sensor deflections (Fig. 6). Deflection bowls of 
_ this shape are usually observed where there are visible signs of pavement distress 
such as cracking and rutting (9,14,15,23), abe To 
Quantifying Effective Behavior.—Measured Road Rater deflection bowls can 
be evaluated using theoretical relationships. Pavement behavior (or condition) _ 
can be given in terms of a predicted subgrade modulus, effective layer thicknesses, _ 
“and effective moduli of the layers. The effective behavior may be expressed = 
as any combination of these variables which matches the measured deflections. 


— 


Obviously, some combinations of modulus, effective 
: and layer moduli are not acceptable. An example of an unacceptable representation oe 


of pavement behavior would be an extremely low (weak) predicted value of 
- -(dicker modulus and an effective thickness of the reference material greater _ = 


(thicker) than the design or as-constructed layer thicknesses. While this combina- _ 


tion of parameters might result in a deflection bowl which resembles the measured 
bowl, it would not be logical for use in designing overlays because a negative 
calculated overlay might ‘Tesult. An alternative expression of pavement -perfor- 
mance would be an increased predicted subgrade modulus and a reduced effective 
thickness of the reference material. Expressions of pavement behavior using — 
asphaltic concrete moduli of elasticity other than the reference upon which 
the flexible pavement design curves used in Kentucky are based also would ~ 
3 be usable. These same curves are used i in | in designing overlays (2, 14, 15,16, at 
Determining ‘the ‘true”’ structure of an existing pavement is an 
 hettiee process. If the quality of the asphaltic concrete is held fixed at some 
_ reference value, there are a number of combinations of predicted subgrade 
"moduli and effective layer thicknesses which will match the measured deflection 
_ bowl. The magnitudes of the measured deflections and the constructed layer — 
thicknesses determine the reasonableness of the combinations. The iterative 
process involves selecting a subgrade modulus and effective thicknesses and 
| Competing the resulting theoretical deflection bowl to the measured bowl. If 4 
a theoretical bowl does not match the deflection bowl, the subgrade 
modulus and effective thicknesses are varied. This process is continued until 


3 a satisfactory match is obtained. 
is Figure 6 shows a procedure which usually eliminates the need for a ‘series 
of iterations. The methodology utilizes the theoretical relationship of Number 
1 projected deflections versus Number | sensor deflections and the theoretical _ 
relationship be between subgrade modulus of elasticity and Number 1 ‘sensor 4 
In Fig. 6, the lines on the left represent a theoretical relationship en 
4 _ Number | sensor deflections and Number | projected deflections. The i 
- lines represent normal operator variation in reading meter scales. The solid 
line on the right is the theoretical relationship between Road Rater holly 
_ 1 sensor deflections and subgrade moduli. Two different points are shown in = 
_ Fig. 6. The — are data points which would be suspected of having problems — 


deflection relationship). The “ 


"represent points suspected of having founda- 


- 4 be predicted from the given values of the Number 2 and Number 3 > ee = 
and the corresponding Number | projected deflections. Thus, it is necessary re 


to on the « deflection to match the deflections at the Number 2 and Number > 


| 
fi 
i 
“4 modulus to compare to the theoretical relationship of Road Rater Number 1 : 
_ deflection versus subgrade modulus. The point will plot above the theoretical 
— a line, indicating behavior weaker than the reference conditions. The behavior § 


as a reduced thickness of maiehie concrete. For overlay designs, effective 
behavior is more meaningful when expressed as a reduced thickness. oe 9 
ot The ‘‘o’’ points (Fig. 6) have a Number | deflection lower than ‘expected 
from ow measured deflections at the Number 2 and Number 3 sensors and a 
the associated Number | projected deflections. The deflection bowl is very ; 
7 ‘broad’’ and ‘‘flat’’ (Fig. 3) and representative of a problem in the subgrade 
or supporting layers. To Tepresent th the observed pavement performance in terms — a 
ofa a predicted subgrade modulus and effective thickness of asphaltic concrete 
a of reference new-quality material, it is necessary to use the Number | sensor # 
_ deflection to predict the subgrade modulus. The theoretical relationship of Number 
1 projected deflection versus Number | sensor deflection is used in combination 
with the measured Number | deflection to determine an adjusted Number | 
- deflection. The adjusted value will have a greater magnitude than the measured | 


90% OF DATA +1. 2067 


(SHADED AREA) 
obs 


were vader” 7.—90 7.—90th-Percentile Deflection = 
Number | deflection and will be compatible with the measured Number 2 and 
Number 3 deflections and the associated Number | projected deflection. When 
the predicted : subgrade strength (based on the Number | sensor deflection) is 
plotted versus the adjusted Number | deflection, the expression of creat 
behavior is in terms of a predicted subgrade strength and a reduced thickness _ 


_ Analysis of field deflections indicated this procedure will produce — 


which can be used as input into an overlay design process. Road Rater testing — * 
_ of pavements before and after overlaying shows that the ultimate behavior of 

the overlaid pavement is equal to that of a pavement having a total thickness — 

of new-quality material equal to the sum of the effective thickness before 

overlaying and the overlay thickness (14, 15 oft Los 


| | 
| 
i 
i 
{ 
| 
__ the sensors singly or in combination, and these moduli may vary slightly. These 7 
; - variations usually are not significant because, for a constant asphaltic concrete m4 
moduli and 
a 


PAVEMENT DEFLECTIONS 


If the measured | deflection bowl at the bowl 
S were identical, the same subgrade moduli would be predicted regardless of the _ 
be 2 Estimation of Effective Structure.—The determination of the effective pavement 
a structure is shown by the right side of "Fig. 6. If the pavement is behaving 
s one having a thickness equal to or greater than the theoretical or “design” a 
thickness of asphaltic concrete, the field data will plot on the theoretical line. 
This also may be expressed in terms of the modulus of the asphaltic concrete—if __ 
the pavement is behaving as one bis Sy a modulus of elasticity of the asphaltic 7 


‘TABLE 1.- —Adjusted Road Rater Deflection Data and Predictions of Subgrade Modulus — 

TEST 

172.7 mm. (6.8 in Asphaltic Concrete 
6 mm C19. .O “Dense Graded 


(TO ADJUST TO 70 


0. 00782 0. (0027° 
0.00759 0. 00300 0. 00935. 
- 00483 0.00345 oO. 00160 0. 00739 303 
00805 0.00691 0.00345 0. 0138000 155 
0. 100391 0. 00254 0.00160 0.00396 
0.00691 0.00460 0.00277 0.00767 1 
 @. +00574 0.00391 0.00231 0. 
00919 0. 00691 00345 0.01380 


Oo. 00759 0. 00620 0.00434 oO. 


1 in. = 25. 4 mm 


| 
| — MEASURED DEFLECTIO 
MILLIMETERS 
| 
a i 


concrete ¢ equal to or stronger than that of the reference material, the field d: data 
__ will plot on the theoretical line. If the field data plot above the line, the pavement — 
_ is performing as one made of the reference materials which is thinner than 
the design or theoretical thickness. Alternatively, the pavement’s performance 
oy could be given in terms of a pavement of the design thickness but having a 
modulus of elasticity of the asphaltic concrete weaker than the reference material. 
a When pavement | behavior ii is is expressed it in a terms of re reduced layer thicknesses, , 


TABLE 2.—Calculation of Effective (Behavioral) 


> 
US 60, BOYD COUNTY, KENTUCKY 


STATION 399+50 to 425+68 


CORE THICKNESS: we. 7 mm. (6 8 in.) “Asphaltic Concrete 


482.6 mm. in.) Dense Graded Aggregate 
TEST DATE: 9729777 + of KOTTAT 
a Read the effective structure for each data point | from oe 
7” the plot of deflection versus subgrade modulus. Dense 
Graded Aggregate thickness remains congtent (482. 6 ma). 
BPP ECTIVE ASPHALTIC CONCRETE THICKNESS 6. 


‘Standard Deviation 40. ae. a. 
Mean Effective Structure _ 
3. Effective Structure Encompassing 90 he 


1.2816 s standard deviation = A: 2816 x 40.9 mm. ee 


134.4 mm. 52.4 mm 0 mm. Conerete . 


"92.0 an. -Asphaltic Concrete 


6 -6 an. Dense Graded Aggregate 


78 TE2 
lay may De Varied if ahy OF OF Tererence Materials 
7 | 
| 
4 
| 
4 
te 
ig 


ail DYNAMIC PAVEMENT DEFLECTIONS 


anda predicted ‘subgrade modulus that poy in a deflection bowl which best + 
_ matches the measured deflection bowl. The present procedure, however, est 
tains a constant crushed stone (DGA) thickness and expresses pavement b behavior 

asa reduced thickness of asphaltic concrete at the reference modulus. If this 


superimposed cate the plot of subgrade modulus versus Number | sensor — 
deflection. The effective thickness may be interpolated from these lines is 
Statistical analyses can be applied to either the measured Number 1 sensor 4 
_ deflections, the predicted subgrade moduli, or the interpolated effective thick- a 
_—— It is recommended that any representation of pavement behavior en- 7 
- compass 90% of the data. Other investigators have selected similar levels (1,5,6). 


{PROMECTED OEFLECTION(ILL METERS) 


4 67890° 
| 


STATION 399 + 50 TO + 2 
CORE THICKNESS: 172.7 mm(6.8 INCHES)AC thes 
482.6 mm (19.0 INCHES)AC mag 
NOTE: CONVERSION FACTORS 

INCHES TO MILLIMETERS MULTIPLY BY 25.4 of ti 
TO PASCALS MULTIPLY BY 6.694757 « ty ta 

NO.! DEFLECTION VS NO.! DEFLECTION VS E 3 


' 


OF NORMAL 
VARIATION 


nn 
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ez 
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= from Number 1 Deflections ‘and Number 1 Projected Hetinetione: Graph of Number 


oor 


4 Deflections versus Number 1 Projected Deflections; and Number 1 Deflections 


“the “deflection data, the recommended effective | thicknesses are equal to the ~ 


‘mean effective thickness less the product of 1.2816 and the standard Govieticn. — 
_ Figure 7 shows the selection of the multiplier for the standard deviation. 
Theoretically, 90% of the measured deflections will be less" than mean 
deflection 1.2816 times the standard deviation. Note that the multiplier re 
1.2816 corresponds to an 80% cumulative distribution but results in a 90th _ 
BB peices effective thickness because one tail of the normal distribution is not — 
Example Analysis of Road Rater Data.— —Tables 1 and 2 and Fig. 8 present 
-. set of Road Rater measurements and show y the procedure to to evaluate the 
data. This procedure utilizes concepts considered in this paper er and represent 


44 modifications in earlier er (14, 15 23). 


+ 


fe 
an Cliective siructure is desired which encompasses YU'% or y 4 
a 


. 


s 15,23). ‘Since then, these concepts and the associated procedure has io 


= and simplified to provide a more workable procedure. 


_ to be able to determine reasonable values for design parameters that represent 
the condition of the existing pavement. The parameters considered in Kentucky’ _ 
- procedure include the in-place subgrade modulus and the effective thickness — 
“of the existing pavement structure at a specified reference modulus of elasticity 
of the asphaltic concrete. The total thickness of an overlay is equal to the 
_ difference between the thickness needed for some future design level (based 
4 on traffic volumes and associated equivalent axleloads and the in-place subgrade 
modulus is (CBR) effective of the existing asphaltic “concrete 
layers. 
s There is a need for continued research in this area as highway m maintenance 
becomes more and more significant. As costs continue to rise, the pressure 
» assess the condition of increases. 
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of Research Study KYHPR-75-77, Development of a Rational Overlay Design 
j Method for Pavements, and Research Study K YHPR-70-49, Full-Depth Asphaltic _ 
Concrete Pavements, conducted as a part of Work Program HPR-PL-1(15), Part — 
TI, funded in part by the Federal Highway Administration and by the Kentucky 
Department of Transportation. The contents of the report ‘reflect: the views 

_ of the writers who are responsible for the facts and accuracy of the data presented. Pa 
: The contents do not necessarily reflect the official views or policies of the 
i Kentucky Department of Transportation nor of the Federal og Administra- 
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CHARACTERIZATION OF ASPHALT EMULSION 
Michael S. Mamlouk’ and Leonard E. 


M 


United States highway system ‘currently represents an an 


investment and also has generated a large problem. New low cost, environmentally — 
J 

4 sound methods are needed to bring the system back to current design standards. 
_ The use of asphalt emulsion mixture as a paving material is a promising solution 


_ because of its ecological aspect and economic advantages. Emulsified asphalt f 


mixed with | aggregate reduces or eliminates heating requirements. This 

: has a significant effect on reducing energy demand and air pollution. In : addition, 
_ either road mix or plant mix can be used for emulsified asphalt mix preparation. 5 

However, the most cirtical shortcoming of asphalt emulsion treated materials 

is the relatively low strength at early ages and the long curing time required — 


to develop the strength which is limited by the rate of water loss from the _ 


Z A thorough understanding of the integral behavior of cold mixed asphalt 
7. emulsion treated mixtures does not exist at present. Also, the resistance of 
7 the mixture to adverse moisture conditions is questionable. The purpose of 
5 this study is to characterize the cold mixed asphalt emulsion mixture used in 
7 black bases for the different mix components at different curing ‘Stages and 
environmental conditions. In this study, ‘several techniques have been used to 

® 4 characterize the mixture. The indirect tension, resilient modulus and Hveem 
tests were used in the evaluation. The mixture resistance to water was 
Several factors and conditions were taken into consideration. 
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Types and Gradations. —Two aggregate types were ‘The first 
“pe was totally a mixture of sand and gravel consisting approx of 50% calcareous _ 
_ 50% siliceous pieces. About 60% of gravel particles retained on No. 4_ 
- sieve had crushed faces. The second type was totally crushed limestone. Two 
“a aggregate gradations were “7 in the study with a maximum size of 19 mm 
(3/4 in.) as shown in Fig. 1. The first was a medium gradation that followed . 
the midspecification of the pc State Highway Commission (ISHC) #73B © 
‘gradation band. The second was a coarse gradation which was selected at rad 4 
“quarter point’; midway between the midpoint and the lower limit 
specification band. Other properties of aggregate are as shown in Table 1. __ ; 


| ISHC 


vorvedsd "SIEVE Si SIZE A 

_ Aggregate ate Gradation 


Asphalt Emulsion. —One high float asphalt emulsion type and grade was used | 


es was HFMS-2s (ASTM D 977). The physical properties of the emulsion 


Saybolt Fural viscosity, 
Penetration of residue after distillation, 25° C, 5s, 100g 
Specific gravity of residue after distillation, (25°C 


-_ Specimens 102 mm (4 in.) in diameter and 64 mm (2. 5 in. ) high were ell 


ne to the mix procedure suggested in a previous study (3). Different _ 
tal atees moisture and asphalt emulsion contents were > used. The ‘Specimens 


) 
bi 
2 


were ina fixed roller gyratory compaction machine with 1° gy gyration 
angle. A compaction effort of 20 revolutions at 1.38 MPa (200 psi) was used. » 
_ The compaction process was performed at a room temperature of 22° C (72° F) ¢ 
5 with no heating provided by the compaction r machine. The density was determined 
by measuring the height and weight of the specimen immediately after compaction. het 
a Specimens were cured at room temperature for either 1 day or 3 days. Additional | 
‘ specimens were cured for 3 days in a forced-draft oven at 49°C as required 
_ by the experiment design. After curing, the specimen density was determined 
/) ~ according to ASTM D 1188 by dusting the surface with zinc stearate instead 
3 coating with paraffine to avoid change of moisture content (2). Three replicate - 
specimens were prepared and tested for each combination of factors. The different 
tests that were used in the mixture evaluation are presented in the following 


“using the indirect tensile test. The test was performed using the MTS electrohy-_ 
machine at temperatures of 10°C, 24°C, and 38° C (50° F F, and 
tutes! the is rt ~~ & 


Apparent specific gravity 

Bulk specific gravity (SSD) 2. 
_ Absorption, as a percentage © 4. 20 


- 100° F). The load was 1s applied at a rate of loading of 51 mm i min oxi in. i nied 
using two curved stainless steel loading strips with a width of 12.7 mm. Continuous 
‘% recordings of load versus horizontal deformation and vertical deformation versus 
horizontal deformation during the load application were obtained. The tensile 
"strength, Poisson’s matio, wnsile stiffness, and tensile Strain at failure were 
‘The tensile strength of the specimens is a measure of the resistance of the : 
pavement to tensile stresses caused by traffic. High tensile strength values are 
_ required for durable asphaltic mixtures. On the other hand, high stiffness values 


js at ~‘high temperatures are needed to reduce excessive deformation or rutting 


a in hot weather. However, at low temperatures relatively low stiffness values — 
. are desired to eliminate or reduce cracks. The tensile strain at failure is directly _ 
related to cracking of the highway pavement. The oc occurrence of cracking i increases 

q In this part of the study, medium graded sand and gravel and limestone mixtures 

_ were used. Two initial added moisture contents, 3% and 4.5%, and two asphalt 
emulsion residue contents, 3.25% and 4%, were evaluated. Both 1-day air -§ 


a 
€ tensile Characterisucs O © asphalt emulsion mixture Were determined 
ta 
: 
| 


affected by test temperature, aggregate type, curing, and initial added n moisture. - 
content. High tensile strength values were obtained at low test temperatures, 
limestone mixtures, 3-day oven curing and low initial added moistures. The 


SAND & GRAVE 


TENSILE STIFFNESS 
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FIG. 3.—Te 3.—Tensile Stiffness as Function of Asphalt Emulsion Content, Test Temperature, 

and Aggregate Type 

- interaction effect of aggregate cae ang test temperature on the tensile 

- Poisson’s ratio was very sensitive to the test temperature. When the test 


increased, Poisson’ ’s ratio increased. Ata test of 38° 


NEO — 
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the specimens to before total failure. Therefore, 
Poisson’s ratio values greater than 0.5 were obtained. In addition to test 
_ temperature, high values of Poisson’s ratio were obtained at the I-day air curing q 
condition compared to the 3-day oven curing condition. In the rest of the analysis, 
Poisson’s ratio was assumed to be 0.3, 0.35, and 0.4, at temperatures of 10°C, 
_ The influence of test temperature, aggregate type, and asphalt emulsion content, — i. 
pe the tensile stiffness is presented in Fig. 3. The test temperature has an 
inverse effect upon the stiffness value of the mixture. It may also be noted 
= that asphalt emulsion content and aggregate type had a marked effect upon 
‘the tensile stiffness at 10°C test temperature. Meanwhile, the tensile strain 
= at failure was affected by the asphalt emulsion content and curing. Large tensile — 
strains at failure were obtained for air cured 1 mixtures with 4% asphalt emulsion — 
residue as compared to oven cured mixtures with 3.25% asphalt emulsion a 


a Resiuient Mooutus Test _ 


As traffic moves on the pavement the mim horizontal change 
such that each wheel pass can be considered as a stress pulse. The use of 
: the dynamic tests in pavement evaluation is a realistic method because it simulates * 
} _ the actual stress conditions of the pavement. In this part of the study, the “< 
Lj _ diametral resilient modulus test was used to evaluate the resilient characteristics — i 
a The resilient modulus technique used in the study was similar to the procedure 
developed by Schmidt (7) with some modifications (Fig. 4). A as load 


| boa FIG. 4.—Resilient Modulus Devieg 


of 334 N (75 Ib) was applied across the vertical diameter of the s specimen every % 
3 sec with a dwell time of 0.1 sec. Two curved stainless steel loading strips — 
with a width of 12.7 mm were used. Both vertical and horizontal deformations © 
_ were recorded on a strip chart recorder. The instantaneous resilient modulus, 
Meg, and the resilient Poisson’s ratio were obtained according to the procedure © 
_ developed by Kennedy (5). The instantaneous resilient modulus obtained from — 
this test is analogous to the modulus of elasticity and the tensile stiffness 
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FIG. 6.—Effect of Percent Added Moisture, Curing, “i pare Emulsion Content 
on Average Instantaneous ae Modulus for 3-Day Air and Oven Curings be : 

determined from the static load ae However, the eas load tests are 

7 preferred because they more closely simulate the maa conditions in the © 
medium and coarse graded sand ond gravel and lis mixtures were 
: used. Three initial added moleture contents ts (1. 5%, 3%, and 4. ae a and two 


1 
a 
| and oven curings were evaluated. The test was performed at temperatures a ' 


10° and 38°C. 

were obtained from the same specimens at different temperatures 

« _ The instantaneous resilient modulus was found to be a good measure for — 
emulsion mixture characterization. The M values of the individual 

i specimens ; ranged from 212 MPa to 1,157 MPa with an “average o of 531.9 MPa . = 


—(77.2ksi), 2 — esate to the statistical results, the M, value was largely affected — 
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FIG. 7 —Relationship between Instantaneous Resilient Modulus and Tensile Streng ‘a a 
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FIG. 8. —Relationship between Instantaneous Resilient Modulus and Tensile Strength — 


& 
by test temperature, curing, and aggregate type. The effect of test temperature — 
and curing on the average M, value i is demonstrated in Fig. 5. ). High temperatures = 
decreased the viscosity of the asphalt residue and consequently the pal 
modulus value decreased. A reduction of about 55% occurred in the average 

~ value of M, by increasing the test temperature from 10° C-38° C for both 3-day | 
air and oven cured specimens. On the other hand, a stiff mixture was obtained = 


when hen curing was in the oven as to an air ‘cured mixture. 
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‘Thus, large. —_—e were obtained for oven curing relative to the air curing. 


_ Also, 3-day air cured 1 specimens developed larger M, values than did the 1- ~day 
s use of the limestone mixtures resulted in larger M, values than sand a 
and gravel mixtures. Unlike sand and gravel, the rough surface and the angular a 
shape of the limestone as well as its mineralogical composition increased the _ 
- aggregate interparticle friction and improved the coating of asphalt residue on 
the aggregate particles which increased the resilient modulus value. npr 


it was found also that the interaction effect of percent initial added moisture, — 
curing, and asphalt emulsion content, has a significant influence on the M, 
value for both 3-day air and oven curings (Fig. 6). The interaction effect of — 
3-day oven curing with other mix components gave higher M, values than 3-day 
_ air curing. Moreover, it was found that using 1.5% initial added moisture and “a ; 
3.25% asphalt | residue content at 3-day | oven curing gave the largest average 
“a The majority of the instantaneous resilient Poisson’s ratios ranged between 
0.1 and 0.45 with an average of 0.314 for all specimens. A very small number 
3 of Poisson’s ratio values were negative at the 10° C test temperature. The reason 
for this could be the testing error due to the fact that the actual deformation 4 
= of the specimens we were very small at low temperatures. However, some * 


developed after 2 a few applications of load. These tension cracks caused an : 
_ increase in specimen volume which increased with values of Poisson’s ratio. _ 
| between Resilient Modulus Test Results and Indirect Tensile Test 

n the instantaneous 
modulus values and the indirect tensile test results as may be seen in Figs. : 
_ 7 and 8. Since the indirect tensile test is easier to perform and has less variability 
than the resilient modulus test, regression equations were fitted which can be 
_ used to predict the M, value from the tensile strength or outpaces | . eal seed 


equations are as shown below: 

in which M, = instantaneous resilient modulus, in ‘megapascals; on = = tensile i 
strength, in kilopascals; sand E ir = tensile stiffness, in megxpascals. 
> The regression coefficients, R?, were 0.836 and 0.810 for the Eqs. 1 and a 
: senpoctively. These regression equations, however, should be used for values 

of Oy up to 550 kPa and E,, up to 2,000 MPa that were obtained in this 


| 


The effect of water on the performance of the asphalt emulsion treated bases 
was evaluated using a modification of the Asphalt Institute water sensitivity - 
test (8). . According to this method specimens were subjected to a vacuum of 
30 mm Hg for | h then submerged in water for 24 h at room ‘temperature. a 


— saturated specimens were tested using the indirect tensile test as well — 


g 
| 
| 
| 


as the resilient modulus te test. A comparison was the. 
- of vacuum saturated specimens and the corresponding dry specimens. = ~~ 7 ; 
“4 A general reduction in the tensile stiffness of the vacuum saturated specimens _f 


was observed compared to dry Specimens. The s stiffness values of 
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FIG. 10.—Effect of Asphalt Emulsion Content, Aggregate Type pe and Curing o on R is- p 


3 tance R-Value (Medium Gradation and 3% Initial Added Moisture) v< ie 


moisture absorbed by the oven cured specimens during vacuum saturation — 
compared to air cured specimens. Meanwhile, the difference between the tensile 
_ strengths before and after vacuum saturation was not large and it did not show : 
a consistent trend. In addition, the total tensile strain at failure was not largely 


Che 
a 
a5 
ane 
ste 
| 
— _ for the different asphalt emulsion contents and curing levels are shown J _ 


In most cases, gave average M, values than vacuum 
specimens. Mixtures contained 3. .25% asphalt residue were affected 
by vacuum saturation more than mixtures contained 4% asphalt residue. 
In general, the characteristics of the asphalt emulsion mixtures evaluated 4 
i this study were not severely affected by vacuum saturation. The reason dS < 
- could be due to the use of a densely graded mixture which had a small amount 
of voids and consequently small potential of moisture absorption. The amount 
moisture absorbed by the mixture during saturation did not 
5% by weight of dry aggregate for any in the study. 


The asphalt emulsion mixture was is further ii by means of Hveem ae 


wy 


2844 ‘and D 1560) were at: a room “temperature of 22° C. The 
_ two values were obtained for the same specimen in one test (4). Medium (aoe 
aggregates were used with initial added moisture of 3% and asphalt emulsion _ * 
- . contents of 3.25 and 4%. Both air and oven curings were evaluated. The vertical a 
load applied to the specimen was increased up to 22.25 kN (5,000 Ib) | only, a 
and not 26.70 kN (6,000 lb) as specified by ASTM standards i in — to reduce ae 
the excessive deformation to the specimen. 
; a It was found that the R-value ranged between 71.9 and 89.9 for all specimens * 1% 
in the study. According to the design criteria recommended by Chevron (1), is 
i< the minimum R-value for dense graded initially cured asphalt emulsion mixtures ‘ 
used for base coarses is 70. Furthermore, the criteria requires a minimum R-v value 
of 78 for final- cured water soaked specimens. Although no water soaking test a a. 
was performed in this part of the study, the asphalt emulsion mixtures used fe 
the minimum R-value for the curing condition. 
_ The effect of asphalt emulsion content, aggregate type and curing on the ee 
A R- value is shown in Fig. 10. In all cases larger R-values were obtained for 4 
- limestone mixtures when compared to sand and gravel mixtures for the same il 
curing level and asphalt emulsion content. Meanwhile, for most cases, mixtures wa 
containing 3.25% asphalt residue displayed higher R-values than mixtures con- 
taining 4% asphalt emulsion residue for the same aggregate type and curing 
level. Also, generally, increasing curing time and temperature increased the tee 
RW -value of the mixtures. In addition to R-value, the modified Hveem stability ea 
- S-value w was affected by the different factors in the same way as the resistance + 
R- _— A correlation coefficient of 0. 805 wes found eee the two parameters. 


Orner Emutsion Mixture Provenmies 


the pavement the field construction. High densities 
¢ construction prevent further compaction by traffic that has the effect of reducing — “ae 
<f rutting or excessive permanent deformation of the pavement. On the other hand, 
i: a certain amount of air voids in the mixture is needed to increase the — A 
rate and to improve the drainage in the pavement. 
In this study, the at of compaction varied 


4 
meofcompaction 
| 


— 
2,280 kg / m°-2, 483 kg/m’. It was largely affected by the as asphalt emulsion content 
7 in the mixture. Increasing the asphalt emulsion content increases the lubrication 
= between aggregate particles and allows more compaction to occur to the mixture, 
which in turn increases the density. At the same time, increasing the asphalt 
emulsion content to a point allows more voids to be filled with asphalt = 
increases the density as well. In addition to the asphalt emulsion content, medium 
graded aggregates provided larger densities at time of compaction compared — z 
The density of the specimens at time of testing (after curing), inclading the 
moisture portion, ranged from 2, 275 kg /m m 457 ke - Similar t¢ to the 


at tim 
: the asphalt emulsion content and aggregate gradation. In addition, curing gchanged 
_ the density because it allowed water to leave the mixture which resulted in 


a reduction of the density. The interaction of curing, aggregate gradation and — 
aggregate had a marked effect on the density at test time (Fig. 11). bbs. 


between 2,252 kg/m’ and 2,426 ‘The dry density was 
by wey. the specimen | and determining the ary weight after 24 h of yng a 


after curing including the moisture e portion. ‘However, ‘the dry density was not 
affected by curing. Regardless of the amount of moisture that leaves the specimen | 
‘during curing, the oven of the the same and 


7 ‘a Moisture Content. —The moisture included in the wth emulsion mixture 
comes from the water added during the initial mixture preparation 1 as well ¢ as 
the moisture included in the asphalt emulsion itself. The moisture portion = 

very important in the preparation of the cold-mixed asphalt emulsion mixture 

because it increases the workability of the mix and provides a uniform coating 

a f asphalt residue on the aggregate particles. However, a large amount of moisture 


were fOr 

compared sand | 

| | | 


“the curing process, the water evaporates leaving the asphalt residue a 
_ to the aggregate. The rate of strength development of the asphalt ee ae 
‘mixture is directly related to the rate of moisture loss from the mixture. Ste ed 
a _ Fig. 12 presents the change in moisture content of the asphalt emulsion ~nqueell “F 
for both air and oven curings at different asphalt emulsion contents. The rate 
_ Of moisture lost from the mixture was large in the case of oven curing when > “4 
compared to air curing. Moreover, "decreasing the asphalt emulsion content 
increased the air voids and consequently increased the rate of moisture 
_ Air Voids.—The amount of air voids in the asphalt emulsion bases is an 
; influential factor that affects the curing rate of the mixture and improves oll 


(OVEN 


es 


12.—Effect of Air and Oven 4 Oven Curings o on Moisture Content asa 


Weight of of Dry Aggregate ua 4. as aa 


: bond between asphalt and aggregate. An optimum amount of voids is is needed © 


MOISTURE CON 
Set 4 


i 


to obtain an efficient performance of the mixture in the field. 
_ The percent of air voids at time of testing was calculated on the bases of a 
. the apparent specific gravity of the aggregate and assuming no asphalt was “_ 
_ absorbed into the aggregate. The amount of air voids for all specimens varied 
between 2.2% and 11.1% of the total volume. This wide range of percent air 
voids occurred because of the large effect of asphalt emulsion content, “curing, ll 
| 7 ‘aggregate type, and aggregate pon. i The percent of air voids in the asphalt d 
/ emulsion mixture was closely related to the percent of total liquid at time of ped 
testing which is the sum of asphalt emulsion residue and retained moisture. _ s. 9 | 
A comprehensive laboratory investigation was to chasecterine th 
cold mixed asphalt emulsion bases. The indirect tension, Tesilient 


) 
the excessive pe 
; 4 In addition, inc 
emulsion mixes 
| 
| 


asphalt emulsion type, two aggregate types and gradations, two asphalt emulsion © 
contents, and three initial added moisture contents were used. The mixture 7 
was characterized at different curing conditions. The following aarceny wer 


1. The asy halt emulsion mixture performance was sensitive to temperature. 

pha’ P 
‘High test temperatures cause hair cracks to develop early during the test before 
‘complete failure for both indirect tensile and resilient modulus tests. Low tensile 
_ Strengths, stiffness, and instantaneous resilient modulus values were obtained 
a Limestone mixtures grovided better tensile characteristics and nd larger instan- 
taneous resilient modulus values than sand and gravel mixtures. eae? yew 8 
7 _ 3. Mixtures containing 3.25% asphalt emulsion residue had higher tensile — 
and lower tensile strains at failure than mixtures containing 4% asphalt 
emulsion residue. Meanwhile, increasing the asphalt emulsion content increased = 
the value of Poisson’s ratio and the density of the mixture. wee pe ee 
a 4. Curing decreased the amount of moisture retained in ‘the mixture. High 
‘tensile strengths and instantaneous resilient modulus values were obtained for 
oven cured specimens. Curing decreased both Poisson’s ratio and the tensile 
: a Reasonable correlations were found between the indirect tensile test and 
_ the resilient modulus test results. Regression equations were developed between 
4 the instantaneous resilient modulus values and both tensile strength and stiffness. 
_ 6. Vacuum saturation had some effect on Ge tensile properties and the resilient a 
c= characteristics of the asphalt emulsion mixes. The effect of vacuum saturation - 
4 was related to the amount of moisture absorbed into the mixture during saturation. ¢ 
: ths + Larger Hveem R and S values were obtained for limestone mixtures as 
compared to sand and gravel mixtures. In addition, R and S values were =i ' 


‘The results of this study serve several purposes. It the 


Hveem and water sensitivity tests were used in the mixture evaluation. One 


o The financial support of this study from the ie Joint ees Research Project, 
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: tensile and resilient characteristics as well as the different properties of t a 
: | asphalt emulsion mixes. This can lead to the increase of the use of the asphalt _ 
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MANHATTAN CIRCULATION AND SURFACE 


STUDY AND DEMONSTRATION Prosect® 
Walter H. . ASCE and Samuel I. — 


(Reviewed by the Urban Transportation Division) 
om York City, a as the business and cultural center of the nation and the 7 
employment- -entertainment center of the tri-state region, has a large demand © 
for the movement of people and goods. The physical and economic ties between 
the central business district (CBD), i.e., the area of Manhattan south of 60th 
Street, and the remainder of the City and the region result in a focusing o 
- concentration of the demand for transportation | in the CBD. Trip generation © 
activity in the CBD is approximately four times that of the City as a whole 
and three times s that of the region. Transportation activity in midtown Manhattan ~ 
_ a as shown in Fig. 1, encompasses the transportation hub of the _ 
‘fie, including Pennsylvania Railroad Station, Grand Central Railroad Station, 
the Port Authority Bus Terminal, and the East Side Airlines Terminal in addition 
to the New York City Transit Authority and the Port Authority Trans Hudson _ 
_ (PATH) subway systems. The grid street network is directly linked to neighboring 
: 7 New Jersey via the Lincoln Tunnel and to Queens and Long Island via the _ 
. - Queensborough (59th Street) Bridge and the Queens-Midtown Tunnel. Approxi- 
mately 34% of the land area of midtown is occupied by Toadways serving both — 
q 5 trips destined to midtown locations and trips passing through midtown en route 
external destinations, 
Recently conducted surveys (2) indicated “that 23% of all private vehicles 
entering midtown have destinations outside of midtown. Yet, the closing of - 
-_ *Presented at the April 14-18, 1980, ASCE Convention and Exposition, held at Portland, 
Vice Pres., Edwards and Kelcey, Engineering Planning Services, joes, 1 
Trade Center, Suite 8721, New York, N.Y. 10048. ign 
“Asst. Commissioner, New York City Dept. of Transportation, New York, N.Y. 
_ Note.—Discussion open until August 1, 1981. To extend the closing date one month, 
a written request must be filed with the Manager of Technical and Professional Publications § Rs ; 
_ ASCE. Manuscript was submitted for review for possible publication on April 17, 1980. 
This paper is part of the Transportation Engineering Journal of ASCE, Proceedings of a? 


m the American Society of Civil Engineers, ©ASCE, Vol. 107, No. TE2, March, 1981. 
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“the a access West Side Highway south of 59th Street has muted in 


the F.D.R. Drive on the east side being the only limited access facility to q 
1 serve north-south | through movements in midtown. Furthermore, there are no | 


limited access, crosstown soadways within midtown to accommodate the demand 


; q for east-west through movement. As a result, through- trip vehicular traffic must — 


use the the midtown erid together with local traffic. eo <> 


TR 

Bronx 
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Manhattan, 


| . a typical weekday i in 1976, about 2,850, 000 | person trips were made into 
| he Manhattan CBD (1). Seventy percent of these were made by public transpor- 
tation and 30% by auto. Approximately 700,000 person trips were made during 
the a.m. peak period, 90% by public transportation (bus, subway, railroad, = 
_ ferry), and the remaining 10% by automobile, taxi, or truck. It is interesting 
_ to note that although buses comprise only 3% of all motor vehicles entering — 


| * | 
ex 

| 


4 the CBD vehicle and ‘occupy only of the total ‘roadway 
surface occupied by all motor vehicles. = 4 
_ In 1977, the City of New York was mandated by the United States Court 
_ Appeals to implement transportation strategies designated to improve air — 7 
quality i in midtown Manhattan by reducing vehicle usage and promoting transit. _ 
f a _ In partial response to this mandate, a project was prepared by the New York | 


City Department of Transportation and the New York City Department of = 
Planning to develop and demonstrate short-range, low-cost surface transit and 

" traffic operations improvements and to formulate these improvement ole 
into an overall circulation plan and policies for midtown. The specific objectives 

of the project were to: weomels lebom bes a4) Jobom 
| t at Gem concerning techaiques | ane 

|. Improve air quality and reduce vehicular congestion through a reduction 

D4 of aie miles and vehicle-hours traveled, an increase in speed, a reduction oll 

ak Increase pedestrian and vehicular safety. occording 


3. Increase the level of surface transit service by increasing operating — 4 
and providing more reliable headways and improved geographical coverage. <a 
_ 4, Improve the integration of the surface transit system through coordination — 
_ of bus routes, stops, and schedules. of ach 
pt Provide amenities for bus riders, both at the passenger boarding area 
as well as on-t board (reduce overloading through increased frequency, improved — 
Reduce the negative impacts of buses Gncluding tr traffic 
- congestion caused by interference between buses and other modes, and environ- 
: mental and visual pollution of buses in he communities traversed by bus sacle 
“and i in which buses are stored). 
7. Increase the efficiency of taxi operations. 
Improve the environment for pedestrian-related (movemen, , transit 
boarding, window shopping, etc.). ta base of 
_ 10. Improve the capacity of the street t system for truck ick operations, forannl 7 
sg The complex nature of surface transportation in midtown Manhattan required — 
_ the development of a framework within which various elements and the interrela- _ 
tionship between elements could be considered. Towards this end, a conceptional 
model of midtown’s transportation system was developed as shown in Fig. 
2. The conceptual model depicts the relationship of the system to the community © 
and the region, and of the system elements to the system. The region may _ 
be interpreted as a system consisting of numerous elements, one being the - J 
midtown community. the midtown community may be considered 
as a system that contain 
a” the elements of a pei affect that : system, and the system in turn a affects 
the larger system of which it is an element. Thus, it can be seen how an element | 4 
of the surface transportation — may affect the community and in turn, . 


he region. 
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conceptual model, in Fig. 2, consists of modal, and 
operational elements. The modal element includes automobiles, bicycles, buses, 
handcarts, mopeds, motorcycles, pedestrians, taxis, trucks, and any other mode 
:. surface transportation. The operational element includes the motor vehicle = 
laws of New York State, traffic regulations of New York City, posted and . 
"parking regulations, pavement marking placement and traffic signal timing. The 7 3 
_ physical element includes the roadway, sidewalks, alleys, malls, obstructions, 
: itt has been hypothesized that all systems are comprised of three primary _ 
items: (1) Time; (2) space; and (3) information. In the foregoing conceptual y, 


model, the physical and modal elements to the use of 
Fa 


time, such as the length of time a | vehicle occupies the Toadway, while the 


conveyed to a driver by a traffic signal indication. to bes 
_ Each system exists in an environment composed of f external factors that affect, 
or are affected by the system. For the Midtown Surface Transportation System 
model it is estimated that all factors can be accounted for by the eight 7 
environmental factors of mobility, national resources, national ecology, other r 
- transportation, socioeconomic, land use, community transportation goals, climate, 
A system’s efficiency is determined by by the system’ s input and output. For -_. 


\\ | 
FIG. 2.—Conceptual Model of Midtown’s Surface Transportation System = 
| 
Al COTES Wilh information Such as the informal 


Midtown System, system efficiency was defined 

as being the ratio of person miles traveled (PMT) to person hours traveled = 
—@ 4 bcs. within the system. For example, it is apparent that the | elimination Of 


@lement’s arrival at its destination more quickly. of double 


parking can increase ‘ "person speed’’ (the ratio of PMT to PHT) and increase 


Sinan 


AVAILABLE FOR Oprimizine | 
Recently, much literature has been | published concerning techniques to increase se 
_ the efficiency of transportation in urban areas and is known as transportation — : 
system management (TSM). The focus of TSM has been to make more efficient — ¥q 
; ra use of existing transportation systems through low capital investment in short- 
-: improvements. Available TSM techniques were categorized according to 
the elements of the Midtown Transportation System, so that a shopping list 
of techniques could be developed for consideration in midtown. Table 1 provides _ 
a summary of such techniques grouped according to system element primarily 
addressed by each technique. The efficiency-improving aspect of each technique 
__ is also summarized in the table, together with major potential impacts on system | 
environment. For the project report each of these techniques s were described 
ov. including their advantages or disadvantages, or both, constraints to implementa- 2 
tion, effectiveness, and cost of and operation. 


- General an and specific. circulation and surface transit problems i in midtown we were 
identified as a result of input from the Project’s Advisory Committee, various 
City agencies, examination of the existing data base and direct field observations. — 
‘The applicability of techniques for increasing system efficiency described 
previously were compared with the identified problems and specific strategies 


to mitigate the problems were recommended. A summary of these strategies 
and their impacts is contained in Table 2 and is arranged in accordance with 
the system element primarily affected. No strategies are recommended for the | 
‘modal element, since improvements to this element would not be end cost and > 
could most likely not be. done in a short amount of time. = : 

The recommended operational element strategies include the follo 


Transit Operations. —The continued operation of existing and the imple 
~ mentation of additional exclusive bus lanes should benefit by increasing bus 
travel speeds and reducing intermodal conflicts. Together with the reorganization — 

of avenue bus stops to a four-block spacing, this strategy is is expected to produce — 
Significant i increase in system efficiency. 


ma turn restrictions, signal timing revisions, and a traffic monitoring and : 

response system will contribute to the establishment of a ed of street 


Street and Loading.- —Continuation of ‘existing ‘Tegula- 


system 
element 


or 

ai 


eo cwoad ai hes 

| Traffic operations — 

| techniques 


Transit operations 


techniques | 


Type of system a 
efficiency increase 


on 


On-street | parking 


| and loading strate- 


Physical 


poor 
tol 
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Enforcement and 
other policy tech- 


Restricted street use 


af jog 
Line-haul techniques 
ite Se 


soup 


Transit t techniques 


Control hardware 


vehicle 


bo ead stl 
wwe. ami 


Increased operating — 


mutt 


Increased 
capacities 


Increased 


some modes, in- 
creased trip 
Reduced delays 
THORS, 
Reduced delays / 
creased operating 
ove 
Dependent on opera- 
tions to be con- 
trolled re 
Increased roadway hind 


- 

“Major impacts on 


system environment 
(4) 


Reduced air pollution, — 

for most system & 
operators with 

5 efficiency 

incurred by adversely 4 

rat affected trips 


increased efficiency 

for most system 

Operators with some 
efficiency decreases _ 
incurred by adversely — 
affected trips 

Reduced air pollution, bs 

increased efficiency 

for most system 

Operators with some 

efficiency decreases 

incurred by adversely 


: affected trips 
‘Reduced air pollution, 


increased efficiency 


for most system — a 
operators with some 
efficiency decreases 
incurred by adversely 
affected trips 


along restricted street, 
potential for some 
_ VMT increases 
Improved mobility with 


impacts» 
Improved mobility with 
significant adverse 
impacts 
Improved mobility with 
Increased efficiency 
benefiting all modal 
Subelements — 


wie 


| 
Techniques” = 
| 
| Reduced bus delays 
and 
4 
«aohsvise 
Mimproved environment 
| 
nO Significant adverse 
4 
Modal 
Reduced bus delays 
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hegere TABLE 2.— Recommended Circulation Plan Strategies and Impacts 


Swategy 


ansit 


od On-street parking 


and loading 


Restricted street 


VMT for others; re- _ 
duction in conflicts 


anu 


Obstruction con- 


pgnditions for pedes- 


Increased roadway ca- 


@fficiency increase 


Reduced bus delays re- 
Sulting in increased 
bus travel speeds 


Increased travel speeds 


pacity potentially re- 
sulting i in reduced | 
delays and increased 
travel speeds 
Reduced delays, through 
_ faster response to the 
incidents 


Might 


ped n 


delay to some 
modes; increased 


imincreased travel 


speed; reduction in 


¥ conflicts between bi ae 


modes 
Reduced to to all 
modes; improved 


via 


stem environment 
Reduced air pollution 
vehicle 

efficiency for 
most system operators 

with some efficiency ve 
decreases incurred by 

adversely affected trips — 
Reduced air pollution 

from vehicle emissions; 


most system operators 


with some efficiency 
decreases incurred by 
‘ adversely affected trips 


Reduced air pollution dow 


from vehicle emissions; 
increased efficiency for 
most system operators 
" with some efficiency _ 
decreases incurred by 


adversely affected trips 


Reduced air pollution 
from vehicle emissions; 
most system operators 
with some efficiency 4 
decreases incurred by 
adversely affected trips 
Improved environment 
along restricted street; at 
potential for some VMT 
increases 


no significant adverse 


vironment 
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“tions in midtown, modified to reduce the number of parking g spaces ave available 
at critical locations and a reduction in the supply of authorized parking spaces, — 
should result in further increases in system efficiency through the creation of 
Enforcement and Other Policies. — —Unification of traffic enforcement 
4 under the direct control of the Department of Transportation, “accompanied 
_ by continued deployment of Parking Enforcement Agents (PEA’s) and Traffic 
Control Agents (TCA’s) and by towing operations is expected to complement 
other plan strategies in reducing the frequency | and a of delay-causing 


incidents i in midtown. — . 
Recommended physical denen strategies include the following: 


i 1. Restricted Street Use.—Implementation of transit streets through restric- 
tions on the use of these streets by other modes should result in a significant — 
increase in the travel speeds of affected crosstown buses, while increasing the — 
vehicle miles traveled (VMT) by other modes. The creation of transit streets” 
will also result in an improved environment for pedestrians. 
_ 2. Transit.—The creation of express and charter bus layover areas in n the 
vicinity of their respective initial stops in midtown will result in a reduction — 
in bus VMT and in a reduction of conflicts between these buses and other - a 
vena. Iti is anticipated | that system efficiency will i increase due to the resultant ole 


6B Obstruction Control. —Improved control over the creation of roadway 
, obstructions, such as street openings for utility repairs and construction activities, Pp? 
should reduce delays to all midtown traffic. The relocation of obstacles to — 
pedestrian movements at critical locations will also i circulation, 
generally improving the midtown 


RECOMMENDED IMPROVEMENT PROJECT 


n consideration of the strategies proposed 7 
Operational improvement projects were divided into area-wide and 
- locational improvements. The area-wide improvements included a traffic moni- 
toring system, changes in the enforcement of traffic and parking regulations, : 
and changes in authorized parking. The establishment of a traffic monitoring ‘a 
system was proposed, since it would provide a mechanism f. for determining changes — 
in the demands placed on midtown’s transportation system 1 and the performance | 
z of the system in accommodating such demands. The importance in establishing 
a traffic monitoring system in the Manhattan CBD was recognized by those 
_ responsible for formulating the Transportation Control Plan (TCP) and was 
included as a requirement of the TCP. The mandated system will laa 


_ Enforcement of traffic and parking regulations | is an 1 integral part of the = 
por element of any transportation system. Inefficient enforcement results 7 
q ineffective use of the physical element by modal element operators. Efficient 


= is an that can provide moc modal operators 


Pte 
7 
q 
— 
| 
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‘TABLE 3. —Summary Recommended Improvement Projects 


_ Recommended improvement 


Traffic monitoring system Detection subsystem-90 directional stations; 


Major elements 


_| Processing at 80 


an 


minicomputer 


|Consolidate responsibility; 


| Enforcement agent plan; 


Public information campaign 
Zero-based allocation of spaces; 
BS een State and city commission to monitor the i is- 

suance of license plates to authorized vehicles; 
DPL/FC de jure immunity from fines; 
Eliminate government agency de facto immunity from “ 


' Tow authorized vehicles from critical locations; 


‘a Not more than 50% of blockface reserved for ee 


Relocate authorized spaces situated on major road- a 
waysinanisolated manner; | 


4 Short-term duration parking for NYP, MD, and ee 


ernment vehicles; for NYP and MD 


Revise signing to be consistent whi no 0 stopping oO 


| standing regulations on blockface 
Buses and right turns only; 
Dual-lane 7-10 a.m. and 4-7 p.m.; 

4-block bus stop 

Buses and right turns only; ere 


4th-4 
34th-42nd Street segment: dual- lane 10a. m.; ; single- 


57th Street westbound bes lane 


Street express 


42nd-60th Street segment: dual-lane 7-10 a.m. and 4-7 3 ! 
single-lane 0am 4pm; | 
Prohibit left turns (except trucks) onto Madison Ave- 7 4 
from selected eastbound crosstown stree 
4-block bus stop spacing 
30th Street-Columbus Circle; 
Buses and right turns only; 
Single-lane 4-7 p.m.; 
4-block bus stop spacing . 
6th-8th 
Buses 


traffic and _ 
vehicle parking 
| 
| 
onto and off of 34th Street; 


19810 


Continued 


42nd Street express street — 


57th Street express street 
3rd Avenue between 


7 


Signal timing modifications in the vicinity of Grand oe 
Selected turn prohibitions onto and off of 57th Street; — Bt 
Signal phasing and timing modifications; S « 
Deployment of traffic control agents; _ 
Parking regulation revisions 
Reversed flow on 2nd Avenue between 57th Street _ 
_ and the Queensborough Bridge for buses only, ade 

Prohibit left tu: turns from 2nd Avenue onto 59th, oa a 
and 57th Streets, 4-7 


59th Street one-way eastbound between 2nd Avenue 


49th ond 50th Transit streets 
bus layover at Grand 


_ Express bus 3rd 
Avenue and 34th ‘Street 


= 


bus parking in in west 
midtown 

_ Minimization of impacts of P< 


‘TH 


Tunnel area 


a 


4 tainers found in Manhattan 


tionalhour; 


_ and the overpass to the upper level of the _— bw. 
borough Bridge; 
Special Advisory signing — 
Prohibit thru traffic except sft via positive s 
Designate 12th Avenue area; 


= 


ear 34th 

_ | Designate layover areas on crosstown streets aaa 

Designate layover area under FDR Drive near 34th | 
Street (long-range); and 

Designate layover area along 37th Street between —_ 


Tunnel entrance and exit Streets 


(short- -range); 
Relocate initial bus stop - cade 
Designate charter bus parking zones in west midtown 4 


Modify emergency permit system; 
Greater involvement of police department; Sepeatnne, 


Computer-based information system; 
Special pool of traffic control agents; = 

Purchase a tow truck equipped to handle refuse con- = ae 
Extend 59th Street Express Street operation an addi- _” 


‘Consolidate existing bus stops prohibit sel selected right oa 


turns onto 60th Street duringa.m. peak 


Increased television surveillance cf midtown we 


Expand v variable- -message and r signing sys- 


Tunnel operation modifications; 


Selected turn prohibitions onto and off of 42nd street; rind a ; 
| | | 
7 
| 
59th and 60th Streets _ 
express streets 
I 
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TABLE ABLE 3. 


| Make tunnel operations responsive to traffic condi- 
Grand me area traffic im- | Prohibit right turns from 42nd Street onto Madison — a 
‘| signa timing modifications; | 
Make 4lst Street one-way westbound between 
Queens- Midtown Tunnel exit street and Sth Avenue 
Extend pedestrian “walk? indications; 
Increase bus stop capacity; 
Eliminate Barnes dance at 42nd Street IV Vanderbilt i> 


Pe destrian safety Improved lighting at selected ocations; 


inal Install fencing at selected locations; 

Train traffic control agents to be more pe- 
q 

Strict enforcement of traffic and parking: regulations; a 


a & teen of information that cannot be misunderstood. At the present time, 


of agencies. It is therefore recommended that an overall traffic and parking 
enforcement policy b be established for midtown that would include the consolida- 
tion of responsibility of enforcement within a single agency, the determination — 
g _of an enforcement deployment plan optimizing system efficiency, implementation 4 
“of a communications network that will enable timely response by enforcement — 


oo of traffic in midtown is presently the responsibility of a number — 


users of the ‘importance of and the benefits accrued as 


a result of the enforcement effort. 
. the ‘Present time, there are various government employees, members of fa 


- travel in New York City i in order to conduct business during the course ot 
their working day. The Bureau of Traffic Operations has determined that these _ 
vehicles should be allocated readily accessible parking areas near certain buildings 
to minimize the traffic circulation impacts caused by their on-street parking. — 
This policy has resulted in the designation of approx 1,450 authorized parking _ 

re spaces in midtown. An analysis of this policy has concluded that the number = 
of authorized parking spaces should be -Teassessed, ‘many ‘Should be 1 relocated 
al to further m minimize their adverse impacts on traffic circulation and their utilization _ 

- should be restricted to short-term rather than all-day commuter parking. It was : 
further concluded that spaces should be allocated on a basis of “‘zero-based . 
parking’? where each consulate, governmental agency, media ane, medical — 
institution, etc., would be required to to request and justify all on-street authorized y 


“spaces annually. praje ects were were divided two 


my 
| 
unprow 
| 
| 
— 
| 
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pacity 
pedes- integra- ‘i iron- 5 system 
trian tion of for 
and ve- surtace i - | truck 
hicular | transit | transit 
improvement safety | service| system tivity 
Traffic monitor- 
ing system 


traffic and 
‘parking en- 
forcement 
Authorized ve- 
hicle parking 
control 
Bus stop signing 
Avenue bus 
Madison Ave- 
nue bus lane 
Street WB | 
Avenue bus | 
a 
34th Street 
express street 
42nd Street ; 
€xpress street 
Street 
express street 


RSs 


tis 


= 
2 


x 
x x 


a. 


= 


3rd Avenue be- 
tween S7th 
«Streets 
2nd Avenue 
 eontraflow 
§ bus lane 
and 50th 
Streets 
transit 
streets 
Express bus 
layoverat =| 
Grand Army 
Plaza 
ari 
bus 
layover at 


Herald 
a ‘ 


Express bus 
p layover near 
3rd Avenue 
and 34th 
Street 
Charter bus 
 parkingin 
west midtown 


Be 


g 


We 


= 
= 


“> 


Minimization of 
impacts of 
roadway ob- 
structions 


TABLE 4.—Summary of Anticipated 
d 
bther 
a | 
Yo 
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‘TABLE 4.—Continued dads 


Lincoln Tunnel 
area traffic 
improvements 
Grand Central 
improvements 


Pedestrian | 
‘¥ safety 


= 


Other area-wide operational improvements recommended included changes 
in curb use regulations concerning bus stop signs and the of 
safety by various techniques. tat 


improvements, bus layover improvements and obstruction reduction improve- 
ments. Modal restriction improvements consist of modifications to the physical va 
aa to segregate various modes through restricting on-street use, i.e., with 
exception of f designated truck routes, and associated Tegulations. Bus 


minimize their impact upon traffic flow and to place them in closer proximity | 
to their first point of pickup, thereby mitigating the need for drivers to leave 
from a layover area and arrive at their first stop 5 re 5 


_ The proliferation of various _types of roadway obstructions in midtown has 


_ by modification of the present emergency permit Seagate of enforcement, 
= of a computer-based information system, deployment of a special pool of 
- traffic control agents, and the use of a tow truck equipped to handle the unusual 
ni ; types of refuse containers used in Manhattan. Recommendations were also 1 made 
| maximize the efficiency of midtown’s pedestrian system by evaluating the 
placement of easily relocated items, such as planters, benches and newsstands. 


The impact of implementation for each of the recommended improvement 

_ projects was assessed with respect to the objectives of the study and to their J 
improvement in the overall efficiency of the transportation system. The ratio 

of person m miles traveled (PMT) to person hours traveled (PHT) within the system a 
4 as a measure of system efficiency was used to estimate how an individual 

improvement would affect the system’s operation. A tabulation of primary impacts _ 


A ‘number of the recommended improvement projects selected as_ 


‘demonstration mee! to 0 indicate th their effectiveness i in increasing transportation 4 


edin reduced [rallic-Calrying Capacity tne ‘hetwork and in signhiicant 
7 traffic congestion at isolated areas. Recommendations were made to reduce 
i 
| 
— 
| 
| | 


(210 


Exclusive bus lanes on 
Madison Avenue 


os 
_ Exclusive bus lane on 


8th Avenue | 


rete, movind 

Reorganization of bus 
_ stops on 6th Avenue 


stops on East 
and on East 60th 
Streets 

42nd Street express ss 
Yo ws 
bap 

oy 
Street express 


improve- 
ments in vicinity of bi 


Authorized parking 


«3rd Avenue 


i 
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ABLE 5. of Recommended Demonstration 


Lie 


TA 
system 

Operational: surface 
transit sub- 
element 
bas 

pom }o 


Operational: surface 
transit operations sub- 


B 


Bus travel speed in- 

creases up to 20%; 
potential for reduction 
_ in other vehicle travel | 
Speeds; total PHT 
Bus travel speed in- ~ 

creases between 10% sal 
and 15%; no anticipat- 
ed adverse impacts on 


other vehicle travel 


Tole 


crease 


Operational: surface Bus travel speed i in- 


transit operations sub-— 


Operational: ace 


transit operations sub-— 


t wi ¢ 


Operational: general as 
traffic circulation sub-— 


element 
rie: 


Operational: general 


traffic circulation 


element 


‘element 


element 


bored 


Operational: general 
traffic sub- 


traffic circulation sub- 
7 pent travel sp 


creases up to 25%; no 


Savings of 10,000 
PHT/yr and 400 
Bus travel sp speed i in- 
creases (not quanti- 
fied); some additional 
VMT; total PHT de- 
Travel speed increases 
(bus and other vehi- 
cles); total PHT de- 
crease accompanied 
by insignificant VMT 
Reduced VHT and PHT 


creases, “resulting in 

overall increase in 

 systemefficiency 

Reduced authorized 
parking supply; minor 

ed increases 


impact on other vehi- | 


| 


with minor VMT in- | 


Project | Anticipated §| of 
| 
| 4 
a 
26 
— 
me 
| 


surveillance) in Times ment agent response time to 
Square Area traffic incidents; un- 
speed increases 3 

transit Significant bus travel 

Yo oth _ | PHT decrease; im- 
tas | eo-wol Taine quand proved pedestrian en- 

Express bus layover Physical: surface transit Reduced express bus 
modification Grand| subelement MT, increased travel 

Army Plaza | — speed (all modes); 


 : Additional demonstration projects to be implemented after the ¢ completion 
Barly a action demonstration projects include the | following: 
59th Street Express Street_—Implementation of this project consisting 
turn prohibitions at selected intersections on East 59th Street and revisions 
in the routing of the M32 bus resulted in a substantial increase in bus and 
vehicle travel speeds and a corresponding reduction of 52,000 person hours 
traveled (PHT) on this street, 
a - * Priority Bus Lanes on First and Second Avenues and on Gand and 57th 
Streets. —Implementation of these bus priority lanes i in 1978 consisted 


of stopping on 1 the « avenues, or or standing < on n the | crosstown : streets, “of the a 
7 out lane. These projects resulted in bus travel speed changes ranging from 
; ~9%-+24% and other vehicle travel speed changes ranging from —10%-+23%. 
3. Priority Bus Lane on Sixth Avenue.—Implementation of a priority bus — 
lane on Sixth Avenue between 34th and 59th Streets entailed the posting of © 
no standing curb-use regulations and of signs prohibiting the use of the right 
curb lane by all but buses and right-turning vehicles; and the deployment of 
parking agents at frequent intervals along the avenue to enforce these regulations. 
This change has resulted in an increase in the speed of buses by 11%. 
_ 4. Class Two Bike Lanes on Broadway and Sixth Avenue between 9th Street . 
and 59th Street. —Bike lanes with interruptions | at critical intersections, e.g. 7 
Herald Square, were implemented adjacent to the left curb lane on these avenues x 


0.6/5.0° 
4 q 
48 
most 
and enforcement not included. 
“Two alternate schemes are ou 
> a: 1. Early action demonstration projects that were implemented during the course _ 
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- in ‘July 1978. This change has resulted in increased safety for bicyclists with 
up to 200 bicyclists /h being recorded during peak periods. _ 


- _ Additional demonstration projects were developed together with recommended 


evaluation and estimates their impacts as contained 


in Table 5. = 


- Evaluations of early action demonstration projects and analyses of other 


_ recommended strategies formulated during the conduct of the Midtown Circulation — 
and Surface Transit Sutdy, indicate that the efficiency of midtown’s surface 3 
transportation system can be increased through application of low-cost techniques. 
"Sine buses accommodate 48% of all midtown surface person miles traveled a 4 
(PMT), it is also concluded that improvements to surface transit ‘Cperetions = } 
“represent a primary method for increasing total system efficiency. eee . 
to improve system | efficiency to an optimum level given existing demand, 
hierarchy of street use should be established. Strategies outlined for the aiiioes 
_ are considered an incremental step in achieving such a hierarchy of street use. 5 : 
aa major impact of the efficiency gains described above will be a lessening a 
in the degrees of freedom currently available to the midtown auto driver. That 
is, restrictions against the use of certain street segments or lanes by private © 
an will result in residual « capacity for use by | other | modes or specific sip 
= _ types that should benefit the system as a whole to an extent greater than presently — vn 
< This pape paper is based on studies conducted by the New York City Desetment 
of Transportation and the New York Department of City Planning with Edwards 
“and Kelcey as prime consultant and URS/Madigan-Praeger as subconsultants. — 
City staff participating in the project included Samuel Schwartz, Anna Lloyd, — 
_ Harvey Samuelson, Jerry Cheng and Arlene Malone. Consultant staff participating 
in the project included the first writer, Wesley La Baugh, Martin Taub, Thomas | 
Gawley, Raymond Tillman and Louis Gonzales; 


of City Planning, 197 1977. ie 


5 
| 
ig 


ALLOcATIN NG PUBL Ic TRANSIT Costs 


James W. Male,’ A. M. ASCE, John ASCE, 


(Reviewed by the ‘Urban Transportation Division) 


“ore the planning and design of a regionwide public Sidliaidilied system in 
rural areas it has been suggested that services be coordinated in order to avoid 
public confusion, reduce duplication of services, increase system | efficiency, 
| minimize e waste of Fesources (13, 14,15, 18). Emphasis has been placed on 
: then need to coordinate services in the Federal regulations for public transportation — 4 
7 ‘Programs in nonurbanized areas (Urban Mass Transportation Act of 1964 as i” 
2 amended, Section 18). The regulations state that each project submitted for — 
4 funding shall “ “contain a description of efforts to coordinate with social service 
= agencies res and all transportation providers both | private and public.”” More 
P? ~ recent attention has been given 1 to such coordination i in the White House Rural 


_ -This paper focuses on the subject of cost ties as it pertains to the 


ae of rural public transportation services. The allocation of costs for 
“rural public is a particularly vexatious problem for a variety of 
te 


“these inherent include the following: 4 


Rural public transportation is generally multijurisdictional. With few excep- 


tions, the service extends to several political jurisdictions, each of which is, PY 


ite naturally, reluctant to pay any more than what it considers to be ii 


adi 
om Rural public transportation frequently i is established to serve a variety y of x 


Bs "Assoc. Prof., Dept. of Civ. Engrg., Univ. of Massachusetts, Amherst, Mass. 01003. 
TAsst. Prof., Dept. of Civ. Engrg. Univ. of Massachusetts, Amherst, Mass. 01003. 
*Prof., Dept. of Civ. Engrg., Univ. of Massachusetts, Amherst, Mass. 01003. 
 Note.—Discussion open until August 1, 1981. To extend the closing date one ¢ month, 
a written request must be filed with the Manager of Technical and Professional Publications, 7 : 
ASCE. Manuscript was submitted for review for possible publication on July 8, 1980. , 
a = This paper is part of the Transportation Engineering Journal of ASCE, Proceedings of © 
“the American Society of Civil Engineers, ©ASCE, Vol. 107, No. TE2, March, 1981. 
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q clearly identified and special transportation interests. 
tal involvement in rural public transportation stems in large measure from a 
growing national concern for the specialized needs of the “‘transportation 
disadvantaged” (e.g., , the elderly and the physically handicapped). In order to 
- meet these needs, a large variety of small services must be provided, many 
of which prove to be too small to be operated efficiently as separate entities. “a 
_ 3. Rural public mapepemnen is supported financially by a broad variety of 
"governmental agencies, most of which are concerned primarily with aspects — 
of ‘social welfare other than transportation. However, transportation is often _ 
a 
an | essential el element of the social service programs (2,3,10,12). In addition, 
| ‘many any governmental regulations influence the type and amount of transportation - 
4. Rural public transportation is highly dependent for its financial support 
= sources other than fares collected directly from individual users. As a 


: services is increasingly ager by both economics and legislative or 
administrative directives. And regardless of differing requirements and constraints 
on towns and social service agencies, the costs of transportation services must 
be allocated among the participants. 


r different means of allocating costs. The application of the methodology will 
be illustrated with data from Barnstable County, Mass. In order to avoid confusion, 
- several terms will be defined at this point. Costs can be allocated by means . 


of any “number of procedures. These ‘procedures can be based on variables 
(such as vehicle-miles or participant population), and on a sampling frequency _ : 
(the frequency with which data are collected for use in the allocation procedure). © 
Since most allocation formulas are linear equations, all procedures in this paper 
will consist of linear combinations of variables. = 


Current methods for ¢ cost allocation are varied and often specific to a ven 
application. The procedures it in use generally have evolved through both practical _ 


and political considerations. A detailed assessment of a variety of procedures 


- be found in Collura et al. ©). In summary, most < of the procedures an 


= based on some measure of service, characteristics of the service area, Or a 
combination of the two. Measures of service include variables such as passenger : 
miles, number of trips and vehicle miles, while service area characteristics include ~ * 

population, elderly population, or r assessed Property valuation most cases, 
a linear alloca 
coefficient for each variable. When variables representing service area a charac- 
teristics are used, the necessary data (e.g., population, property valuation) are 
wy time invariant and therefore requires only a periodic — 
: s for the usage variables can be collected continuously, or periodic samples can 


often 


| | 


~ In most of the cases studied by Collura et al. (6), three criteria were found Pa 


to be important in choosing an allocation procedure: (1) The cost of using the a 
_ procedure; (2) the ee of ve results; and (3) the acceptability of the procedure | 
of Use. incurred in using an allocation ‘procedure a adds 
to the overall expense of providing the transportation service. This cost is not 7 
insignificant. For example, in Barnstable County, Mass., the cost of iin 
and processing the data necessary for its cost allocation procedure was approx — 
5% of the © operating budget. I1 In this case t the costs | were probably h high : since 7 


more e advanced computer hardware and software may reduce the costs to perhaps 
2% or 3% of the operating budget. ASD YRUPS 10 
Z Equity.—The notion of equity is most easily put as one that attempts to 
a everyone contribute their fair share. However, this objective is complicated 
“because of the many possible definitions of ' “fair.” In many cases, a fair or 
‘equitable c ‘cost | allocation is one that is “perceived to be fair by most of the 4 
There are two parts to the notion of equity. The ‘first involves selection of — 
> a principle upon which to base equity. Principles for equitable allocations could & 
= be based on, e. g., the benefits received from the service, the costs incurred il 


in | providing the service , or the ability of the user to p pay for the service. Many — - 

_ of the cost allocation procedures that have been developed have assumed that ad 
~ cost allocations should be based on costs incurred (5,9), and generally require 
a detailed assignment of costs to specific operating parameters (4). The second _ 

part of equity involves determination of how well various allocation procedures cd 

conform to the principle. Once the principle upon which to base equity has 
been decided, a measure of deviation, or inequity ‘must be a applied in order it 

_ This paper will not attempt to define the most equitable cost allocation procedure 
_ noreven propose a principle upon which to base equity. These decisions, although _ 

not easy, should be made on an individual basis by the appropriate decision 4 
_ makers. A more complete review | | Of this issue can be found in Ref. 8. The 

review that follows will provide a means by which to compare an allocation - 

determined by a specific procedure with an ideally equitable allocation of costs. 4 

This ideal allocation must be based on some principle (such as benefits received), = 

and the participants must agree that such an allocation of the costs based on 

a Acceptability. —The acceptability criterion is very subjective and often varies _ 

among participants in a regional service. There is often a distinction between _ 

: " participants that are social service agencies and those that are towns. Experience | 
has shown that one of the characteristics that makes an allocation procedure a 
acceptable to a town is that it be easy to understand. This criterion is important - ; 
_ when a town official must convince town members to © accept a specific procedure. od 

Social service agencies, or on the other hand, are concerned about their accountabil- _ 

_ ity to funding agencies. Thus, they prefer procedures that provide a sufficient r 4 
‘measure of usage. Other concepts of acceptability are possible and in general, a dy 
category will include those nonquantifiable aspects. 
= the past the three criteria presented may have been used to determine 


cedure. In most cases, however, no logical 


— 
&g 
all appropriate Prog 
— 


the criteria when selecting a procedure. ad 
-. The following section will outline a method that can be used to aid in the my 


_ evaluation of alternative cost allocation procedures by determining the procedures, om 


A quantitative evduntion of cost procedures requires some means 


of measuring the criteria defined in the previous section. Two of the criteria, — 
a cost of use and equity can be measured quantitatively and and they may be arrayed 4 

graphically i in order to ‘facilitate c comparison of the characteristics of different an 

procedures. No one procedure is “‘best’’ for all regional systems. However, | 

based on these two criteria, some , procedures can be eliminated from further — 

consideration. Those remaining must be evaluated on the basis of more subjective 

_ Cost of Use.—The cost of using an allocation procedure includes 

- of dollars spent in collecting the appropriate data and processing the information 

to determine allocations. This dollar measure provides a convenient quantitative 

measure that is easily understood. 

he cost of using an allocation procedure on a 


more time and effort to record and process data. of 
2. The frequency of data collection—Some procedures may not require 


_ continuous monitoring of use. An extreme example would be the comparison — 
—- variables ‘such as passenger miles and the population | of 3 a town. The 


_ need only a quarterly update. The costs of data collection and processing for , 
the passenger-mile variable could be reduced if representative data — 
were taken, rather than continuous, 100% ridership data. For example, one 
month might be chosen as a representative sample for the year, and this decrease 
in data collection and processing would substantially reduce costs. = ar 
- _Equity.—Determining a quantifiable measure of equity is not as straightforward ; 
as the use of dollars for cost of use, but several such measures have potential 
application in this evaluation framework. Rossman and Graham (16) have | 
| Sane equity indices which have been modified and extended in this paper. 
examined in the following. They are pat 
based on the notion of | an ideal allocation and measure deviation from the 
ideal. This paper will not address the question of the equity principle, and — 
aren selection of an ideal allocation, but rather will address mecsusoment — 
of deviation from the ideal. However, a means of determining an ideal allocation _— 


we towns and a group of social service agencies would likely differ in their 


was involved in the selection process, purely subjective criteria were often = ‘Jf 
) 
u U ava au u a a uu 
| 


: 4 Three quantitative measures are proposed as possible inequity indices: 


The 1 maximum n absolute deviation from the ideal | allocation. index 


agency or town and ideal costs determined for that participant. To determine 
the index, the difference between allocated cost and the ideal cost for each 
agency or town is determined. The difference which has the largest essen z 
value is the index. Mathematically itis; 
a which AC, = - the cost allocated a iitnditat a and IC, = = the cost ‘ ‘allocate ed” 
O participant i assuming an ideal scheme. | 
_ 2. The range of the deviations from the ideal allocation. Some participants x 
om ight be charged more than their ideal allocation and others less. This a 
the difference between the largest overcharged and the undercharged. 


max (AC, IC,} max {(IC,- AC,} .. Be 


* The sum of deviations from the ideal. Both of the ‘preceding measures 
describe the extreme (or worst) case as the index. This index sums the = 
of all participants from the ideal 


‘ae Methodology. —The selection » the cost allocation procedure that 
iS most appropriate for a specific region will involve many factors. Among: 
these will be the questions of equity and cost of use. These questions will 
be used to establish two objectives i in the determination of the most appropriate — 
_ procedure to minimize: (1) Inequity; and (2) the cost of use. ‘Unfortunately, 
these objectives often ‘‘compete”’ with each other and, in most cases, a trade-off : 
_ between equity and cost of use must be determined in order to decide how 7 
_ much a regional transit authority is willing to ‘“‘pay’’ for equity. In some wresen 9 
however, one procedure may be less costly and more equitable than several 
others. In this case the other procedures are inferior to the 
Ft Using the quantitative measure for cost of use, and one of the indices for a 
<= inequity, a more concrete comparative analysis of various allocation procedures - 
can be made. The graphical analysis involves the following steps: pin 
1. Using one of | the equity indices and an ideal allocation, calculate the equity 
index for each of the procedures being considered. 
. Determine the cost of using each of the procedures. ps 


- On a graph in which the axes pr 5 tae inequity and cost of use, *, plot 


| 


interior ones and then applying the subjective, nonquantifiable acceptability 


4 
| 
| 
| 


s plotted on a graph with axes | representing inequity and cost of use. ie b 
hat in both cases the objective i is to move toward the origin. 
Magy of the procedures can easily be eliminated as inferior, based on the — 
criteria of equity and cost of use. For example, in Fig. | the point sapensenting r 
_ procedure 7 is lower and to the left of those for procedures 2, 4, 5, 9, 12, © 
13, 14, and 16. This means that procedure 7 is both cheaper and more equitable 
than the eight procedures just listed. Although no single procedure stands out — 
“ superior, a number of procedures can be isolated as being noninferior (points 
, 6, 7, 11, 15, 17, 18). Any one of the points (procedures) in the noaiaferior 
set may be an appropriate “oe to use. Again, the decision may depend 


1 1.—Example Showing Use of Evaluation F Fremework Hypothetical | Proce- 


to point (in the noninferior set) to the right, equity increases, as does cost 


of use. The Opposite is true when hea in the opposite direction he pa 


In order to show the potential of the framework outlined in the previous — 
section, data collected from Barnstable County, Mass. were used to evaluate 


several different allocation procedures. The procedures vary from simple to * 
complex and represent procedures used by a variety of regional transit authorities. ‘a 
Barnstable County.— —Barnstable County is the governmental boundary of Cape 
Cod, a peninsula which extends seaward for 80 miles from the southeastern | 
_ Massachusetts coastline. The Cape Cod Regional Transit Authority (CCRTA) © he 
provides demand response service to 15 member towns in Barnstable romeo 


are IS towns in the a a total of 130, 000. 


g 
| 
af 
| 
| 
8 
| 
| 
| 
| 


- concentrated in two regions. During the : the summer months the population approxi- 
mately triples due to the influx of summer vacationers. 4 
“4 The demand-response service at present provides 10,000 one-way trips every 
month. The CCRTA fiscal year 1978 budget provided $311,200 for operation | 
of the service. The local share of the operating deficit was approx all 
_ This amount must be allocated among the 15 towns. tos atch POO! 
 Procedures.— —Table 1 shows a number of possible procedures for 4 


= = among participants in a regional transit authority. The procedures range 


Ue Sampling | 
frequency, 
‘Procedure Variables asa = 
Elderly population AC, = (EP,/EP,) AC, 
Passenger trips and 


AC, = 0.25 AC, 


passenger miles 
_ Passenger trips and 
_ Passenger trips and 
_—spassenger miles 
Passenger trips and 
passenger miles 
assenger trips and 
passenger miles 


ac= 


|) +(M/M,)0.75 AC, 


(M,/M,) 0.75 AC, 
= (T/T,) 0.48 AC, 
= (T,/T,,) 0.25 AC, 
+ 
(T,/T,,) 0.48 AC, 
(M,/M,)0.52AC, 
AC, = (T,/T;) 0.25 AC, 


AC, = (T,/T;,) 0.48 AC, 
(M,/M,) 0.52 AC, 
(P,/P,XAC,/3) 
by. (T,/T;, MAC,/6) 
(M, 


trips and 
passenger miles __ 
passenger 


4 “100% sample refers to continuous monitoring of ridership during a 12 month period. ris | 
_ °25% sample is continuous monitoring during September, October, and November only. 
°8% sample is continuous monitoring during November 


variations: (1) Type of variable; (2) frequency of data collection; and (3) the | 
equation variables weighting of variables). These 


County (procedure pe 4 in T able 1) and, in other cases ones used by 
other RTAs. The 10 procedures are, by no means, a complete listing of aha 
s _ Procedures 4 , 6, and 8 differ from procedures 5, 7, and 9, in aioe all 
to the variable. Procedures 4, 6, and 8 passenger trips 


| _ The average density 1s persons per mile with the primary population areas 
| 
10 
od ger trips, and ody 
passenger miles | 
| 
| 


MARCH 1981 
and passenger | miles by 52%. This Tatio is — how the operstiog 


y were categorized according» 
to ‘fixed and variable costs respectively. The » 25% / 75% ratios correspond to — 
the weightings currently used in Barnstable County. Inclusion of both weightings — 
hi provides an idea of the sensitivity of the procedures to changes in the coef! ficient 
: Using a 100% data set from Barnstable County, each of the procedures shown | 
in Table 1 was used to determine what cost allocations would result from their i. 


17 The data were collected with the use of a rider identification = ‘ 


and daily driver logs, both of which are described in Ref. 7. For procedures 
using less than 100% samples, specific months from the data set were cual 


in the calculations. The results are shown in Table 2. 
‘TABLE 2. _—Allocations Among Towns Using Procedures 1- 11, in dollars 


Barnstable 
Bourne 


Brewster 
Chatham 
Dennis aA 


Eastham 
Falmouth 


Harwich 
Mashpee 
4 Orleans 
Provincetown 
Sandwich 
‘Truro 
Wellfleet 
Yarmouth 


“a Cost of Use.—The cost of using each of the procedures can be fairly accurately 
estimated, based on the costs incurred in using the current Barnstable County 
allocation procedure. These annual costs are approx $2,200 to make user passes | 
and operate and maintain the necessary pass equipment, and approx $12,000 
_ to prepare and process the data by computer. The first cost is assumed to — 
s somewhat fixed as long as some on-board data are required, and will not 
ec z with the type of procedure used. The second part of the total cost il 


-_vary, depending upon the amount of data p processed. If data samples are processed _ 


rather than using 100% data, the data processing costs will decrease accordingly. ae 
The cost of using procedures that are not based on use (e.g., population), are >. 
assumed to have a cost of use of close to zero. The computer costs are expected _ 


to decrease with more efficient computer use 


cost for procedure 6 is based on the fixed cost ‘of $2,200 (on- board data is 
_ collected), and a processing cost of $12, 000/4 = $3,000, or one- fourth of the 


| 
) 
[ 
; P| 8,776 | 7,270 | 7,110 | 10,938 | 12,860 | 10,322 | 12,180 | 9,940 | 11,806 | 7,412 | 10,250 y 
: 6,223 | 2,735 | 3,290 | 3,278 | 1,899 | 2,472 | 2,250 | 2,843 | 2,660 | 2,734 | 2,250 
| 1,533 | 1,811 | 1,334] 1,343] 966 | 879 | 909 | 840 | 1,948 | 1,400 
3,349 | 4,221 | 4,856 | 917 | 780] 824 633 | 540 | 3,198 
; 2,059 | 4,279 | 3,882 | 5,822 | 5,317 | 6,504 | 6,000 | 6,984 | 6,510 | 4,184 | 5,800 
1,367 | 1,684 | 2,080 | 630 | 748 643 662 | 848 | 853 | 1,361 | 600 
9,787 | 7,091 | 6,536 | 8,592 | 7,726 | 8,447 | 7,231 | 7,979 | 6,812 | 7,329 | 8,200 ; _ 
; 3,787 | 6,562 | 3,629 | 2,758 | 2,476 | 3,322 | 2,845 | 3,443 | 2,966 | 5,873 | 2,600 ; a 
2 | 126 | 1,553 | 2,826 | 2,544 | 3,615 | 3,279 | 3,924 | 3,534 | 1,565 | 2,700 — , 
1,957 | 2,512 | 2,694 | 2,993 | 2,504 | 2,775 | 2,576 2,897 | 2,164 | 2,500 
7 1,202 | 885 q $76 | 4,999 | 5,187 | 3,127 346. 2,832 | 3,554 | 2,373 | 4,400 
; 3,612 | 1,630 | 5,317 | 2,049 | 1,868 | 2,459 ‘4 2,304 | 2,105 | 3,091 | 1,800 
100 1,130 313 | 263 ity 535 | 438 | 1,046 | 893 | 432] 350 
| $60 | 2,384} 1,233 | 1,129] 1,206] 1,063 | 810} | 
| = 
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annual costs (a 3-month sample is used). 
a _ Equity.—In order to illustrate the use of the procedure, a principle on J 


to base ‘equity must be chosen. For illustration purposes the principle was to 
strive for allocations close to the individual costs of the participants. In other 


‘TABLE 3. Use: 


4 Procedure number 


2,948 


ave 
4 


TAN 


ity Index, 


Inequi 


Cost to Use Cost to Use ($1000/yr) Cost to Use ($1000/yr) = 
2.—Graphical Display of Relative Merits of Ten Allocation Using 
if they had not been a of Using the 
pe As an ideal allocation can be determined. Once this has been done one 
of the three indices of inequity can be used to evaluate each of the 10 procedures. 
same the individual costs of the 15 towns involved the use of data _—e_—i| 
on number of trips and passenger miles and representative costs for 


_-‘Words, an equitable procedure wo allocate Costs in the same proportion that 
- ‘kK it would have cost the individual participants to provide the same level of service _ 
inequity Indices for Each Procedure 
i] 
This approach is not completely accurate, but is representative since most of 2 


‘the RTA ridership data was demand response, door-to-door service. Using this a 
- approach individual costs were determined by multiplying the number of trips 
a by $1.50 per trip and multiplying the number of passenger miles by $0.85 per - - 


passenger mile (representative taxi fares). The two results were added to get 


a 


each town’s individual cost. The ideal allocated costs were then determined — < 
by dividing the total cost of the regional service in proportion | to the individual 
costs. The results are shown in the last column of Table 2. Pig oa ers 4 
a Based on the use of the apportioned individual costs as the ideal allocation, “ = 
a7 three equity indices (8, 429,,9-) were calculated. These are shown in Table 3. Pre 
Evaluation. —Based on the cost of use and equity criteria the relative merits — ne 
the 10 procedures are shown in Fig. (2 for it indices 0 _ In al all three 
cases a noninferior set of four procedures emerges. And in all three cases 
“ the same procedures (with one exception) form the noninferior set. Procedures 
pa :* 4, 6, and 8 (9 for 6,), would be chosen as having a distinct advantage over 
the others, but further consideration when compared with each 


decision maker were to use the apportioned individual as the basis" 
- for equity and if the choice of procedure is based on cost of use and equity, ay 
the range of choice has been narrowed down to procedures 1, 4, 6, and 8 7. 
_§ if 6, is used as the index). A choice among these four could be based on Me 
the third criterion, acceptability. . This criterion can be visualized as a third — 
7 axis (on a three-dimensional graph). This has not been done for two reasons: 
=f — @d A quantitative measure of acceptability is very difficult to determine; and 
(2) no clear definition of acceptability is possible. Therefore, the two-dimensional © 
A Presentation has the advantage of leaving the third axis ‘“‘in the eye of the 
evaluator.” * In other words, the two-dimensional plot allows a quantitative (and 
use e criteria while the third criterion can be used further to eliminate unacceptable 4 
choices. It is quite possible that a decision maker would choose a procedure a 
; deemed inferior on the graph because of a very high subjective evaluation on 
‘the grounds that it is more acceptable. The => is still valuable in that it 
_ provides the decision maker with an idea of h i i i i i” 


of equity and in use a re wer acceptable to him. 
‘The a to ‘evaluate cost allocation 
procedures should be useful to transportation professionals, practitioners, and B.: 
" governmental and private sector administrators. Use of the methodology will 
_ aid decision makers by providing a quantitative means for comparison. The ~ 
a methodology is not intended to be used to choose one best procedure. Rather, re, q 
the methodology arrays the procedures, based on certain criteria, and allows , 
decision makers to eliminate obvious poor choices and to compare the relative — 
_ merits of the remaining good possibilities. This comparison involves trade-offs. 
4 among criteria as one procedure is compared with another. The process involved ~ 
r in evaluating the relative merits of different procedures provides valuable insight _ i 
the decision-making procedure. In addition, it allows a group of people 
cS to interact on the basis of a uniform presentation of the information. _ ee . 
The = indices which were used in the — aad not use cost per 


| 
> 


_ unit service, because no universal unit of service has been agreed upon. Variables 


_ such as passenger miles, vehicle hours, population, and many more have been 

proposed. There may not be one acceptable unit. Additional questions involve - 
the definition of the inequity index and how the ideal allocation of costs should — 
be determined. This is an important question, for if decisions are made on > 
the basis of a perceived equity (based on the value of an inequity index) then 


the basis of the inequity index must be sound. 


developed. Different inequity indices can be used; 
variations have been defined. In addition, any number of different procedures 
can be analyzed. The 10 presented are only a set of possibilities. Others could 
include different variables (such as vehicle miles), different sampling ee 
(such as randomly selected days in a month), and a different of 
“the variables (such 2 as a nonlinear equation). 
ia The difference in emphasis placed on the criteria by towns and pene service 
_ agencies may become a more important consideration as transportation services 
are further coordinated. Currently, many services operate independently, one 
- aaa specialized agencies and another serving the general public. The impetus _ 
= the future will be to ‘Teduce redundant service by combining the two. This : 


= will increase the need to have a systematic methodology to decide on 
yg allocation of \ of costs since the two groups tend to emphasize the 
_ Accriterion that was not explored as a part of this research was one of stability. 


stability refers to viability of a coordinated ted regional system, given tl that individual 


- solely economic, a participant’s decision would depend on whether the costs = 
allocated to that — were less than the individual costs. There is 20 ; 

_ guarantee that this is true, , and in fact some argue that a coordinated i: 

_ is more expensive than the sum of its parts. This concept has also been carried — 
further in the literature (1,11,16,17) to allow coalitions of individuals to form 
subregional systems. The most stable regional system would therefore offer 
all individuals or coalitions, or both, allocated costs lowe! lower than individual costs. 


Obviously, various degrees of stability 
‘The concept of stability i is an important one if a voluntary system is to survive " 
The concept was not included in the research because a regional plan is not 
_ truly voluntary. Administrative directive and the difficulty in obtaining Federal — 
and state funding make it unlikely that an individual would not join a regional ~ q 
plan. However, the aw can be used for coalitions with slight modifica- 


Caution should be emphasized in the results of the previous section cn. 


- - ‘The analyses were presented only to illustrate the use of the methodology and 
_ Rot to recommend the use of certain allocation procedures. Characteristics of — 
~ other transit authorities may differ yielding substantially different results. In 


addition, other authorities may havea } unique interpretation of an ideal allocation. 


q 
7 
be 


tion and coordination, , the need for the all costs among participants. 


becomes obvious. process of deciding upon a means | of cost allocation 
& 
is not "straightforward. It involves trade-offs among equity, cost of use, and 
acceptability. To simplify this process a frame-work for quantitatively evaluating © 
_ alternative procedures has been developed. This framework defines quantitative 
measures of equity and cost of use, and plots the procedures along inequity-cost 
j axes. By comparatively ranking the procedures mae inequity and cost indica- 


The methodology was applied using data from a demand response service 
in Barnstable County, Mass. Results of this application do not necessarily promote 
certain cost allocation procedure but do illustrate that the can 


_ _ The research reported in this paper was vers in part by the Office 
of Universities Research , Department of Transportation, project number DOT- 


tors, the decision-making process is put on a 


q 


drafts. In addition, Robert Warren and Anthony Rogers | are gratefully acknowl- 


for their constructive comments and assistance in gathering data. 
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Donald Steven Graham’ and Ashish J. Mehta,” A. M. 
| ; = Crossings under water bodies are among the most expensive and failure-prone : 
sections of a pipeline. Failure. accrues from many causes, including geotechnical _ 
_ conditions such as liquefaction and density slides, from flotation, and due to 
hydrodynamic forces. Burial beneath the anticipated depth of scour is the 7 
protection method of choice, but the methodology used to determine the scour 
_ depth has not received the attention it deserves. Two specific types of marine 
crossings have been examined here, namely tidal rivers (including estuaries), 
and tidal inlets. Both cases are intermediate in the continuum of watercourse-types — 
in the sense that neither upland fluvial nor marine design criteria are strictly — 
applicable. However, it is almost inevitable that any pipeline or cable laid along — 2 
a coast will encounter several crossings of this type. basiqu 


Derinmons 
_ Tidal rivers are often defined to be the lower portions of rivers in which : 
tidal fluxes are appreciable with respect to the net flow-through. A tidal river =I 
with appreciable baroclinic, i.e., density-driven, circulation is usually termed 
an estuary. Since the density differences are usually less than 2% locally, their _ - 
_ presence can be ignored for the problem at hand as a first csntuiiantied, 
and the entire tidally-affected enclosed reach of the river may be treated in = 


= “Presented at the April 14-18, 1980, ASCE Convention and Exposition, held at Portland, a 
_ ' Engr., Tudor Engineering Co. , Consulting Engineers and and Planners, 149 New Montgomery a 
: F ? Assoc. Prof., Dept. + Coastal and Oceanographic Engrg., 336 Weil Hall, Univ. of 
_ Note.—Discussion open until August 1, 1981. To extend the pets date one vue, 
a written request must be filed with the Manager of Technical and Professional Publications, — 
_ ASCE. Manuscript was submitted for review for possible publication on April 22, 1980. . 
This paper is part of the Transportation Engineering Journal of ASCE, Proceedings of 


the American Society of Civil Engineers, ©ASCE, Vol. 107, No. TE2, March, 1981. P 
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- toto. Enclosed tidal channels with active beds can ; be included. However, _ 
a case such as a fjord that is formed by marine inundation of the coast, and 
: in | which convective transport is complicated by the presence of a sill-like bed 
feature near the seaward end, must be considered on a Separate basis. It is 
in general required that the geometry of the bed of the tidal river reflect the — 
flows occurring within it. 
A tidal inlet typically is a channel or a pass through which tidal waters are . 
exchanged between the river and the sea, and through which upland drainage i 
passes to the sea. . A stable inlet is one in which the flow through the channel : 


is in a state of sedimentary "equilibrium. This geomorphic feature is 


-T is a common misconception that the length of the ‘‘dynamic”’ ontien of 
a river flowing into a ‘‘quiescent’’ sea is insignificant in comparison with the _ 
total length of the river. Relatively few large rivers are encountered on the — 
coast, and most crossings are of small to intermediate size in which tidal flows 
_ dominate. Even for large rivers, the amount of water transport involved increases 
tremendously in the tidal reaches. For instance, it is a rule-of-thumb that each — 
unit of freshwater entering a well- mixed ‘Uz. S. . East Coast estuary induces nine 


three to four orders of manaitebe greater than the net flow-through. Accordingly, — _ 
_ it is not surprising that both the surface and the cross-sectional areas usually 

_ increase dramatically, often exponentially, seaward of the point of tidal influence. ie 
tt is also imperative to recognize that the hydrodynamics and associated 
of upland rivers s with ‘unidirectional flows, and therefore that empirical theories 
_ developed for the latter generally are inapplicable. 

_ The phase characteristics of flows in tidal rivers have particular relevance ~ 
a pipelines. As shown in Fig. 1, the flow velocity varies with depth throughout 
-. tidal cycle. This is true even for vertically-homogeneous flows, inasmuch 
as the turbulent boundary layer encompasses the entire water depth. In general — 

the effect of density stratification is to enhance the tendency of flood flows 


_ be noted from these observations are that: (1) Instantaneous flows can be large 
and in one direction (and these are the ones to design for); and (2) the tractive : 
stress on the bottom, which causes scour, depends upon the velocity nner +> 


a ‘The | problem is to estimate the maximum likely scour depth over the 
‘ of the project. To accomplish this objective, some thought must be given = 


the design flow if it is } assumed that the channel ma is determined by 5 


| 
| q 
| 
Gg 
_ to pass at depth and for ebb to flow out at the surface. Two points that should 
4 
t i u(t) is often specified as the sum of several contributions according to vende 


 , = the ith velocity amplitude, period, and phase angle of the n harmonic 
— of the flow; and u’(t) represents the nonperiodic residuals. It is z 
7 unlikely that the ideal design flow can be found by maximizing i, u,,, and 
QB -u’ either together or separately. Peak upland runoff often occurs in the spring 
| and this is causally unrelated to tide or to wind. Separate eerepeerereener il : 

reinforce or negate each other; consequently spring tides can have up to several 

times the amplitude of neap tides. The residuals are often ignored; however 

in regions with a low tidal range, such as the Gulf of Mexico, winds 

& 


FIG. 1 —Typical Vertical Velocity Distributions over Tidal Cycle at at Different vie 
_ Represented by 1/7, with Respect to High Water in Sea (Depth is Relative to ll 
cally induce water level amplitudes that are two to three times that due to 
_ the astronomical tide, and therefore dominate the circulation. Hurricane-induced _ 
storm surges may very well be a design condition. Without resorting to unnecessary _ 
- equations, it is simply recommended that design flows in a tidal river be based 
on a Statistical analysis of records of u(t) itself. The relative importance of x 
; a the various terms of Eq. | can be estimated for specific cases. For instance 
a vernal freshet and spring tide coinciding are a likely extreme for the Fraser 
River in British Columbia, Canada, while a river flood or a hurricane surge — . 


; (which seldom occur in the same season) would likely be appropriate to the | 
_ Mississippi River. However, a concept such as one utilizing a flood of a certain _ 


frequency based on a is probably inapplicable. 


q 
| q 


_ The two primary methodologies for the ofr river channel geometry 
are the regime theory and the tractive force (or rational) theory. Detailed © 
descriptions of each can be found elsewhere (9, 16,30). Briefly, the regime theory 
is an empirical approach that was developed from site-specific characteristics _ 
of irrigation canals in India. It has been applied to rivers, and any success 
- it may have appears to be based on the underlying geomorphological principles wy 
‘ 69,3 1). The tractive force theory, on the other hand, attempts to explain sediment ay, 


motion, and thus bed geometry, by equating the shear stresses on the bed i 
tothe flow resistance. Again, a detailed description appears in the aforementioned _ 
references (9,16,30). The theory works best for cohesionless material with small 
bed forms. Neither theory was developed with oscillating flows in mind; however ee. 2 
tractive force ‘theory i is more general. The reader is is Teferred to a 
I 
“unidirectional river r flows. Gi — 
__ The regime theory has been used for pipeline burial design in tidal rivers. R 
Examples include the Fraser River in Canada, and the Hawkesbury River, New 
South Wales, Australia (2,8). However, its applicability to tidal rivers is speculative — 
at best, since as usual the problem rests with the definition of an appropriate — 
‘dominant discharge,’’ and whether this can provide an adequate geomorphologi- 
_ cal basis for the regime assumption. Scientific studies on the geomorphology 
of tidal rivers are very limited, and surprisingly so in light of the number of 
technical problems that are found in coastal rivers. In an early investigation _ 
_ Myrick and Leopold (26) attempted to relate geomorphic coefficients for a tidal - ii 
tributary of the Potomac River to those found in the U.S. midwest (21). Whereas an ' 
the dominant discharge in the midwest was ‘‘bankfull,” which occurred every _—E_ | 
year or two, the analogous bankfull condition typically occurs semidiurnally — 
dl in a tidal river. Furthermore, peak velocities do not occur at flood slack. Te 
ix definition of an appropriate ‘‘dominant discharge’’ for unsteady flow appears 
| to have eluded the investigators (26). For example, the 


flood having a maximum stage of - ft, and a range: of —ft; this is one 


velocity during the tidal cycle occurs when the channel is bankfull. 


of range of stage and maximum stage at which mi maximum 
- This definition is clearly not based upon the tidal prism. Nevertheless they 7 j 


a 06 found the geomorphic exponents 5, f, and m, to be related t to the ¢ discharge, 


4 
depth; ant u= = the velocity. These > 


| 
in which w = the width; h 


BURIAL DESIGN CRITERIA | 


_ Langbein (26) showed that a closed solution : yielding theoretical coefficients 
of b= 0. 71, f = 0.24, and m = 0.5 could be derived by assuming: (1) 4 
exponential decrease in the width w upstream from the mouth; (2) an exponential _ 
The bas in the depth A upstream; and (3) a uniform energy dissipation rate. 4 
The basis of the concept was originally proposed by Pillsbury (29). Partial” "| 
| confirmation of the underlying basis for the assumed geometry was afforded “a 
ea by the fact that the exponent values of b, f, and m for the tidal river studied 
were quite close to those derived by Langbein. A more convincing corroboration 
be found in the work of Harleman (13) in which the change in tidal energy 
dissipation for the Delaware Pye is plotted against distance upstream and = : 


were different from those for “‘natural channels’’ yd U.S. midwest ta 
having the latter); (2) values were quite especially for b and m, 1, between 
11 “‘at- -a- “Station” ‘downstrea 
especially true for ‘tidal estuaries. Problems ‘inherent in changes in 
geometry with unsteady flow at a single point versus changes in geometry with 
increasing flow downstream have been examined by the first writer (9). 4a . 
_ Chantler (5) examined the applicability of the regime approach to tidal channels — 
int more detail. He showed | that - the width and the e depth along tidal channels a 
do not appear to vary logarithmically with “discharge, but that their product | 
does vary logarithmically. This result is similar to O’Brien’s result for tidal — 
‘inlets (27). Since the product, i.e., flow area, varies to the first power, the 
implication is that the mean velocity remains constant. This is a different constraint 
from the one imposed by the assumption of constant energy dissipation. The 
b interpretation of such a result i is difficult because e the fl flow | field is oscillatory. 
: Furthermore, Chantler does not explain how | the discharge values he utilized — 
were computed. In general his results tend to indicate that the geometry is 
- adjusted according to some underlying principle, but that conventional regime- 


In an early paper, Blench considered the application of Tegime theory 
toa 


& almost entirely sand, that the river does not widen in the usual manner near 

7 the mouth, and that the local tides have a large amplitude of approx 4 a 

a The basis for the application is ‘‘on the belief that, at a markedly tidal — 
bed activity near dominant conditions ceases when the tide level is appreciably — 


above its lowest value.” Only hydraulic conditions at lower tide stages need 5 

: then be considered. This assumption is difficult to examine or prove, but its — 
_ validity might be questioned in terms of application to the case of no echwette 
inflow, such as the one investigated by Myrick and Leopold (26), oe 

Hydraulic Consultants (8) studied essentially the same case for 
the design of a pipeline | crossing of the lower Fraser. . Their ir approach was i 
“calculate a design discharge on the basis ‘of a numerical model by y selecting 
a 100-yr return period flood at the upstream boundary and a spring tide at 
t 


he lower. The TRAE F depth, h, h,, » Was C s calculated i in the standard manner, , namely: 


4 
— 


- in which F, = the bed factor (3). The regime depth is multiplied by y @ z-factor 


to Northwest Hydraulic Consultants concluded 


the physical laws which govern breadth, depth ; and velocity i in tidal estuaries 


have been found to differ from those of ‘non- tidal ri rivers. For this reason — 4 
a= may | be questionable to apply regime equations developed for non-tidal 
rivers to the design of crossings on the Fraser. ee. on. ae 


‘They however justified the use of Eq. 5 on the basis that high upstream river ie 
flows tended to remove tidal variations at the crossing. This would appear ne 
to contradict, to some extent, Blench’s assumption (3). As noted by the first 
writer (9), the use of a peak discharge for the design Q in Eq. 5 would also 
imply that the ‘‘at-a-station” and ‘‘downstream’”’ geomorphic coefficients were 
identical. . As outlined by P Park (28), this is not the case. However, the Variations — 
of depth with discharge appear, perhaps fortuitously, to be similar for the. two 
cases; therefore a regime approach might work well for this parameter under 
selected conditions, such as characteristically occur in the Fraser River. 
_ While the z-factors for unidirectional river flows are quite reliable (9), no 
_ comparable systematic study has been made for tidal rivers. Because the 
_ transverse and vertical velocity distributions are quite different for oscillating — 
— and stratified flows (13,33) the associated plan variations in "depth can also 
be expected to differ. The approach used by Northwest Hydraulic Consultants 
"may be better suited to the Fraser than to most tidal rivers, inasmuch as this 
_‘Tiver subdivides into distributaries, rather than widens, in the tidal reaches. — 
_ To summarize, Park (28) shows that the available data on the geomorphology 7 
¢ tidal rivers is almost negligible, even in comparison with unidirectional river _ 
flows. Furthermore, the application of regime theory is strained by the lack 
of an evident dominant discharge. Some preliminary results indicate that a 
theoretical solution may be possible on the basis of the assumption of uniform — 
energy dissipation in the flow (26); however, the validity of this pesemption 
is still tentative. The particular application of the - empirical regime theory | for 


4% scour ir prediction at a given location i is not justifiable. on the basis of the available — 


Tractive Force THeory ano Joan wibiiay 
Because it is based ‘solely upon | the pri principle c of force equality, the tre tractive - 
- force theory results should be equally valid at all locations and should be = 
predictive. The major drawback at the present time is that solutions for 
== cases are not available (9). A significant t advantage 0: of the 
“tractive force method for pipeline burial design is that actual, rather than 


a 
| 
q 
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“dominant,” can be used. These are more ‘amenable the design 

a a. For the case of a confined channel with a cohesionless bed, a simple iterative 

model presented by the first writer (9,10) would provide a reasonable procedure 

a 4 for design. For the case of hydraulically wide channels, a simpler wetmesteed — 
analysis should apply. For tidal applications, crude estimates of the grade line 
at design discharges, such as have been used (9,10), would not suffice. ice. Rather 


— the velocity field would have to be generated by one of several available num aometionl 
: - models such as those of Harleman and Lee (14) for the one-dimensional case 
a. or Wang and Connor (32) for the two-dimensional case. These models assume _ 
a uniform vertical velocity, and therefore calculate a cross-sectional average — 

4 or a vertically-averaged velocity for the one- and two-dimensional cases, — 
tively. Determination of the actual vertical velocity profile from such results 

_ is, therefore, not possible. Inasmuch as the time-scale of the tidal period is 

_ long relative to that of the vertical momentum transfer, a near-logarithmic velocity 
profile tends to develop during times of peak discharge which is closely related 


i ‘ » yals-the 


rt to the scour problem at hand (15). The depth-mean velocity, u,,, for 4 fully 
rough turbulent flow with a a logarithmic: velocity Geuieetion in a wide, open 


tf 

in which uy = the shear velocity; k, = Nikuradse’s equivalent sand roughness; 7 

and hy = the elevation above the bed at which u,, equals the actual velocity, i 


as defined in Fig. 2. By integration over the vertical it can also be shown _ : 


5 In 


Therefore 


MgA 


i 
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Other as one using the Manning coefficient, may be used 
in lieu of Eq. 10. The point is that a shear velocity can be estimated since 
_ the numerical models provide u,, and h, and k, can be derived from measurements. a 


in 

which +, = = the t tractive stress; and p= the fluid density; vary with 

= time through-out a tidal cycle, and it is emphasized that Eqs. 7, 8, 9, and 
= are not applicable during times very close to flow reversal, when the 


of the bed material. "For cohesionless sediments, the well-known ‘Shields’ 

felationship for incipient grain motion will suffice (16,25,30), 
_ In many tidal rivers and estuaries the sediments are predominantly in -_ 

silt- “clay range, and exhibit cohesive Properties. . The bottom surficial sediments 


to the characteristics of the oscillatory | tidal movements. ‘The geotechnical d 
properties of these sediments are contingent upon: (1) The physicochemical — 
properties of the sediment and the ambient fluid; and (2) the flow-induced shear 
= regime. Values of +,, given in the literature (23) should be used with 
caution. Recent analysis by. Arulanandan, Gillogley, and Tully (i) points to 
“s , that occur, | with values as low as 0 N/m’ q 
- to. as s high ; as ; 10 N/n m’ or more, ‘depending upon the properties of the sediment. 
‘Clearly, no specific value should be assigned to a particular problem before 
_ athorough analysis of the sedimentary regime is made. Because of the oe tee 
_ sediment properties in many tidal river cases, unlike those that often occur 
design conditions during floods | on ‘upland rivers, or in tidal inlets, 


' 
dynamics assist in the design. 
_ It is also noteworthy that bedforms must usually be considered. For design 
flood events on upland rivers the bed will usually be flat to antidunal, and 
_ the associated incremental bottom friction effect on u, might be neglected (30). i 
_ Typical estuary Froude numbers, however, range f from 0.3 in main ‘chanaels 
4 to 0.5 in very large channels (23), and this i is in the range of bedforms. Accord- 
_ ingly, the effective, u,, may be considerably higher. A problem is that bedform 
characteristics in oscillating flows are not well understood. The reversing flow 
will affect dune shape, and the resistance of dunes of the same height before 
and after flows have “‘turned around”’ will be different. Another difficulty is 
that the tendency for the flow to flood on one side of the channel and ebb 
on the other creates transversely -nonhomogenous bedforms. Typical dune heights _ 
7: could be 1 m for sandy beds and 0.5 m or less for silt-clay ones, but this Dae 
: is only a very general guide. In the study reported by Northwest Hydraulic if 
_ Consultants (8) for instance, 2.7-m dune amplitudes were observed. _A useful 
. reference for estimating bedform height relative to depth is due to Simons and 
Richardson (32). Finally, near ‘the mouth incident waves from the sea may 
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outlined by the first writer and Machemehl (11). 

_ The complexity of the tidal river-estuary case has resulted in recommendations 

“herein that are very general. These recommendations are intended to make 
4 the reader aware of some possible pitfalls, and to assist in correctly categorizing _ 
the design problem. Furthermore, the lack of scientific data upon which 


engineering design must be based for this type of watercourse is emphasized. 
Finally, it is proposed that the tractive force theory mane 


at tidal inlets occur as for in 
a ‘ialets divide barrier islands that are heavily populated. Essentially, burial design 


gre 


Section of L th, dG Secti Length, /-l 
Section of Leng , and Gorge Section o 


criteria for inlets must be based on alee ite pore that are generally 


' a similar to those for tidal rivers, but some special considerations are warranted id 
“ because: (1) Inlets are comparatively short tidal channels; (2) their seaward a 


oa . ends are subject to wave action and associated sediment transport; and (3) _ 


ts A typical tidal inlet on asi sandy shoreline (Fig. 3) has a a chacacteristic.‘ “throat,” 
or minimum flow area whose position relative to the seaward end of the inlet 
_ channel depends upon the size of the inlet and on the wave field in the sea. 
In stable inlets, the throat remains more or less at the same position, but in 
inlets that exhibit migratory or shoaling trends the throat may move seaward 
or bayward to a measurable degree. The throat area also responds to flow — 
variation i in the channel, and measurements at some sandy inlets have snigpaaedll a 
variations on the order of 10%-15% in the area about the mean value, over 


a tidal cycle (4). An additional factor is that even though the throat is the 


— 
-.... have been made by Komar and Miller (19) and by Jonsson (18). Appropriate _ 
| - force coefficients for the case of a pipe exposed to wave action have been — 
3 
2 
4 


smallest area in the inlet channel, quite often the mean one there is 
at least as much as at any other section of the channel, and is sometimes _ 
_ greater. The throat is thus a narrow and comparatively deep section of the SF 
Ba inlet, and is therefore selected for burial design computations. vidsakqmnng getT, 
a _ In the seaward position of the inlet channel which is subject to wave action - 
_ superimposed on the tidal flows, the bed movement can be significant, and 
by” is further influenced by storm events that themselves have a periodicity on 
i a long-term basis. This portion of the inlet channel is often referred to as a a 
ri mouth, whereas the remainder may be referred to as the gorge, as indicated 
in Fig. 3. The gorge is comparatively more stable than the mouth, with a much : 
‘4 lower degree of wave-induced turbulence. The length /,, of the mouth varies; 2 
an analysis of small and intermediate-sized inlets in Florida indicated that the 
ratio /,,/1, in which / = the total channel length, generally varies between 0.2 = 7 


umally small, and that ‘the mouth region is the one be avoided. 


Sc couR DertH iw Inverts 


inlet cuts are sometimes opened fee navigational purposes, and existing 


ones are commonly modified by construction of jetties, channel dredging, 
5 alteration in the bay geometry, or by a combination of these factors. Immediately | 
ms after an opening or modification, the new channel is generally ‘‘out of balance” — 
E with respect to the hydrodynamic forces and the sedimentary budget. The channel — 


bathymetry is $ consequently altered by sediment s scour or a until a new 


_ maximum m depth i in a proposed inlet?; and Q) what maximum depth ‘will result 
when the tidal prism is altered as a result of a modification? Some considerations 
are given in the sequel and elsewhere (12), 
For sandy inlets in a state of nonsilting, nonscouring sedimentary equilibrium, - 
g a relationship exists between the throat area A, below mean water al cal 


the spring tidal prism, 0, as given by 


in 1 which the coefficients a, and m,, which vary somewhat from inlet to inlet — 
and from coast to coast, have overall average values of a, = 6. 56 x 10° 
and m, = 1.00 for inlets without jetties; and a, = 9.01 x 10~* and m = — ning 
0.85 for inlets with one or two jetties, provided 2 is 5 meosared in cubic meters - oa 
and A. in square meters. Eq. 12 was originally obtained by O’Brien (24) from 
observations at sandy inlets, and is applicable primarily to tides with a semidiurnal © - 
_ period. Jarrett (17) later compiled data on a large number of inlets and gave = 
values of a, and m, to be used for inlets with or without jetties and located 
_ on the U.S. Pacific, Gulf or the Atlantic Coasts. Several attempts have been — 
made to give a rational explanation for the observed dependence of 1 on A... 
v Mason (22) interpreted the flow through an inlet in terms of an equivalent 
flow in’ ‘alluvial channels and showed that Eq. 13 with 


q 


(16) is interpreted in 1 terms of an oscillatory flow. Dw. Using se semianalytical “an” 
tions, Krishnamurthy showed that 


x 


1.25u,., T 


th, 


i in = the critical ‘heer for erosion; T = 
Ss = 


= the inlet tidal amplitude; and h. = the depth of the ‘throat | below sient 
A 7 water level. The form of Eq. 14 is similar to Eq. 13 and m, = 


1.00, indicating 
the applicability of Eq. 14 to inlets without jetties. Furthermore, noting that 


z must be considered to be the semidiurnal tidal period and assuming 2a Th th. 4 
i“ 1 which is valid for typical real real inlets, it may be inferred that Bou Sa 


= 


; or in other words, a, depends on User and k,/h. only. The relative bed roughness 
k/h, occurs as a s a logarithmic te term in Eq. 14; ‘thus is its effect on a, is comparatively 


~Mean Water Level 


4,—Shallow and Deep Portions of Inlet Cross 


small. Also, since at most sandy inlets the bed grain size is typically © ioe 
a narrow range of 0.2 mm-0.3 mm, u 


«cr Correspondingly varies over a small 
‘Tange. In tum this appears to be r reason for the observed narrow variation — 
of a, values for inlets without jetties (20). 
4 Given the throat area, A., the next step is to determine a relationship between 
the surface width and the mean depth at the throat. Using regime equations 
for channels, Escoffier (7) utilized the relationship 


‘in which the prime ‘quantities fepresent initial conditions. More 


| 
4 
| 
| g 
| 
| 
xl | 
i 
g Based on these data, the | following relationship between the surface width, w. 7 | 
and the mean depth, both below mean water level, such that A. = h.w. 


in which a, = 0.038 and m, = 0.87, when w, =< 150 m; and a, = 


m, = =0. 19, when w. > 150m. These are to inlets 


a deep channel of depth, Aeane . The position of this chenual in the section 
a from inlet to inlet, and furthermore it shifts its position anywhere between 
the two banks of the section during the course of time. No mathematical 

formulation i is currently available to estimate h,,,,, although an analytic proof _ 
of the existence of a deep channel in a natural inlet, if such a proof can be 
stated, must ultimately be based on sediment transport considerations. Measure- _ 

7 ments, excluding model inlets and without differentiating between inlets with 


in which an average value of «* 
depth c can be nearly twice as much as the ‘mean 1 depth. 


TABLE 1.—Values of Coefficients a a, ond A 


umber | _ 


of jetties | Coefficient, a, Exponent 


§ Combining Eqs. 12, 7 ai and 18 yields a p a a predictive relationship | for the maximum 
er consideration has been given to the observation that, at a given stine 
value. A quantity of interest is the relative change Ah... /Aema, in the maximum e 


of the tidal cycle, the throat may be as much as 15% larger than its on 
depth for a corresponding change, AN. in the 19 gives 


Table 1 gives applicable values of a, and m,. Comparing the m, values it 
is noted that, according to Eq. 22, the percent "change in A.nax fOr a Ziven 
change in the tidal prism, ©, is substantially more — for small inlets — : 
(we s s 150 0 m) tl than for larger inlets. Thus, 


| 
1.661, m,=O.20 respectively, 
Ing that the deep channel 


uld result in a ‘47% change in hem ., for a small natural inlet, but only 16% a . 
a large inlet. The change in the prism itself could result from modifications a 
pe inlet or in the bay, and must be estimated from hydraulic considerations — ; 
_ Another observation is that, for large inlets, h.,,,, is found to be nearly pies 
_ as much for inlets with jetties in comparison to "those without jetties. At least a 
a part of the reason for this is that, at many inlets where jetties exist, the 
channel is maintained at a required navigation depth by dredging. This effect 
_isinherent in the coefficients of Eqs. 12 and 17 that are derived from measurements — 7 
y at inlets with jetties. Jetties also tend to confine the channel and thus the scouring a 


The depth of submarine pipeline burial must of course exceed SINCE 
= the latter is the depth to which 2 a a stable i inlet on a sandy coast may be expected | 7 
to scour. Unstable inlets are usually characterized which 


that scour depths will in general be less than cath 

- a Design criteria for burial depths for : submarine pipelines across tidal rivers, a” 

_ estuaries and inlets should be based on the rational considerations utilizing the 
= tractive force theory approach rather than one based upon regime ao 
whose applicability to cases involving tidal flow is tenuous at best, and is not 

ieee For the case of shallow, alluvial tidal rivers and estuaries, a 
design case based upon a statistical analysis of real-time velocity | records is : 
suggested. Depth-averaged one- and two-dimensional hydrodynamic models, in 
which the boundary conditions are based on the real-time records, may be 
utilized to determine instantaneous depths and velocities at the location under 
posrpaneren The corresponding bed shear stresses can then be computed for 
peak velocities by assuming the existence of a a logarithmic \ velocity Gitribnticn. 
In cases where cohesive bed material is encountered, a geotechnical | analysis 
will, in general, be required to estimate the critical shear stress for erosion. wb 
" The tractive force approach is also applicable to tidal inlets, where, however, 
additional considerations must be given to channel stability under wave action — 
in the mouth region. . The gorge section of the channel is | more ; stable endl 
the n mouth, and crossings at the mouth must be avoided. For design estimation 
of the maximum depth in a proposed inlet, a simple relationship based upon a 
extensive field data is found to yield the maximum scour depth, given the spring 
tidal prism. For inlets that are to be modified, the estimated change in the spring 

_ tidal prism derived from hydraulic considerations can be used to predict the 
change in the maximum scour depth. It is found that small 
inlets, i.e., those with surface widths at the throat of less than 150 m, are 
far more susceptible to yr! in the spring tidal prism, than larger inlets of £ 
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A. inlet throat area; 


= reference initial inlet throat area; 


coefficient in Eq. 
coefficient in Eq. 
= coefficient in Eq. 17; 
coefficient in Eq. 18; 
= coefficient in Eq. 19; 
inlet tidal 
exponent in Eq. 


bed factor i in 


‘ea 


elevation above bed at which depth-m is to actual 

regime 


» @ 
scour in tidal river; 
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= total length of inlet channel; 
= length of mouth section of inlet channel; 
total number of harmonic constituents of flow; _ 
= period of ith harmonic constituent of flow; © 4 
ut) = time-dependent flow velocity in tidal river; 
s aperiodic residual velocity i in Eq. 
= net flow-through velocity over tidal cycle; 
depth-mean velocity; 


amplitude of ith harmonic constituent of flow; — 


Gerwiedty; 


critical ‘shear velocity for erosion; 
i 


w, = surface width at inlet throat at mean eed level; ‘Be eM 


my change i in due to change AQ i in spring tidal prism; 
= change i in spring tidal prism due to inlet modification; =e 
critical tractive stress for erosion; © 


_ bed shear stress or tractive stress; 


phase angle of ith harmonic constituent of the and 
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FORMULATION OF PARAMETRIC MEASURE 
By A. E. Fazio," M. ASCE and P. Olekszyk’ 


(Reviewed wed by the Urban an Transportation Division) 


“Track Quality c can generally defined as ability of to meet its 
functional requirements. Although a wide variety of parameters have been utilized — 
to attempt to quantify the quality of track, none of these techniques have received 
industry-wide acceptance as being r representative of the ability of track to properly 
A number of theoretical considerations have been published regarding the ff 
optimization problem with respect to Maintenance of Way resources, all of s 
_which presuppose both the existence of a parametric measure of track quality, 
of a functional relationship which indicates how this varies. 
= applied maintenance and track usage (3,4), 
This paper presents a summary analysis of the various attempts to 
a “Track Quality Index’’ (TQI) for use by the railroad industry, and analyzes 
= specifics concerning the u utilization of the loaded ‘geometry of track in 


formulating a TQI. 


Concept oF a Track Quaurty 


- of the type of service to be geovided. Thus track quality requires a consideration , 
of the vehicle type and speed as well as an analysis of the track structure. — 

_ The displacement and acceleration input received by the vehicle occurs at the 
wheel-rail interface and is determined by the loaded ‘“‘surface’’ of the track. 


"Project Engr., , Conrail, , Operations Planning, 6 Penn Center ter Plaza, Faiedsighia, Pa. 

*Chf., and Evaluation Div., Federal Railroad 1 Administration, 400 
Note. —Discussion open until August 1, 1981. To extend the closing date one month, » 
a written request must be filed with the Manager of Technical and Professional Publications, _ 
ASCE. Manuscript was submitted for review for possible publication on June 4, 1980. 

paper is part of the Transportation Journal of ASCE, of 


— 
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4 
| 
A general definition of a Track Quality Index (TQI) would be a ——— : 
_ 7 which provides a measure of the ability of railroad track to meet its functional _—_| 
Moore specifically, the TQI might be defined to measure certain 
4 ___ probabilities such as of a derailment, or of lading damage, or could be constructed _ 
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wan 
Loaded surface (relative and absolute position of the running rails measured 
in both the horizontal and vertical planes) i is a function of vehicle a 


summarization of the loaded track surface. 
_ There are a wide variety of TQIs presently u wate investigation, with some 
receiving limited use in such applications as maintenance of way planning and ~ 
quality control. These can be considered as three 
1. Physical of track structure, tie counts. 3. —The 
rational f or using this type of TQI is that it provides an indication of the behavior — ee 


| ZERO DEFECTIVE Tie! 
{ TRACK B 


FIG. 1, Pay. in Quality of Track with Time immediately Subsequent to Surfacing ue 


of track: Te service loads. The adventags of t this t type parameter lies primarily 
: in its readily interpretated physical meaning. Unfortunately, the behavior of 
track structure is too complex and based in too many diverse factors to be 
estimated by a TQI of this type. 
4 2. Direct measurements of track strength, e.g., resistance to gage widening. a 

et measurement can be made of one or more e aspects of track ‘strength ; 
by recording the force required to achieve a given deflection. Performing such 
measurements with vehicles capable of automatically recording and processing 
data is a relatively new technique. A significant advantage of this type of TQI 
is that the imposed loadings can be made representative of that ; experienced © 


an incomplete estimation 1 of vehicle behavior. Track gage 3 i in. wide will result a 
in a derailment regardless of the strength of the track. 


“a 
g 
% 
= 


Parameters from loaded geometry of ‘measured i in both vertical 


available to automatically measure and record track gage, , alinement, cross 5 level 


te ma ob vedi 20) lemme 
—Hypothetical Probability Density F Functions for Track Gage | (1 in. = 25. 4 ; 
- type TQIs are ‘that the loads at which the geometry is measured are often 
significantly lighter than the track receives in general freight service, and that 
= of the statistics utilized do not lend a hemneives to an easily understood © 
Points oF CONSIDERATION REGARDING Geometric TQls one 
ss Since geometric TQIs 1 measure the loaded track surface directly, much intensive = 
research has been directed towards their development. Professor Baluch, of _ 


esearch 


2.- 


T 
OF tese parameters nas a certain 
_ distribution over track. Investigations are underway regarding the suitability 
= of utilizing statistics from these distributions as TQIs. An advantage of this 
a ot approach is in the ease in which data may be collected, processed, and analyzed __ 
utilizing automatic track geometry cars. Two significant disadvantages of these 
ot 
q 
| 


y - the Polish State Railways, has conducted a survey of much of this work (1). 
It is, however, questionable whether structural characteristics can be totally — 
ignored in the formulation of a TQI. Consider two hypothetical tracks, both 
of which are identical in terms of their structure and the usage they receive — 
except that track contains no defective ties and in track 25% of 
o the ties are defective. If both tracks are surfaced simultaneously, a TQI which 
is strictly geometric will indicate the same (or nearly the same) quality for : 
each track immediately subsequent to surfacing, i.e., it is possible that the . 
two tracks will not differ appreciably in their loaded geometry if it is recorded 
by a track geometry car shortly after surfacing is performed. As Fig. | indicates, 
however, track ‘‘A’’ will “‘hold’’ its surface longer than track “‘B.”’ If a TQI “7 
_ is to be of use in the allocation of Maintenance of Way resources, iti is evident 
that at the time is completed distinction (which i: is reflective of 


of nck “A” and — In the « event that the TQI is - purely geometric, the 
pertinent structural characteristics must be into the functional 
TABLE 1 .—Values of Possible Tals for Suites of Track Ge ae Shown in Figu 


Track segment A, Track segment 
inches in inches 


Variance 
Ninety- -ninth p percentile # 98 


Probability of violation to FRA class | 0.125 


_ Note: Values are in terms of X in 1 which X= number ¢ of quarter inch variation 1 of | 


- gage from 57.0 in.; X = 0 means gage = 57.0i in.; (1 in. = 25.4 mm). EAE akon 


- TQIs, e.g., an important geometry parameter is track gage; the distance | 

_ between the rail il measured in a horizontal plane 5/8 in. below the top of rail. - 
Standard track ga gage is 56.5 in. Figure 2 shows hypothetical probability density a 
functions (pdfs) for two different track segments. While these are not necessarily — 
_ actual pdfs for gage, they do provide an illustration of the care required in 
@ the development of geometric TQIs. Values of statistics which could be utilized 
as TQIs ai are shown for each distribution i in 1 Table 


‘Railroad Administration (FRA) safety ‘standards. These standards ‘permit up 
to 1 in. wide (57.5 in.) gage for class three track; any gage reading wider than 
7 this constitutes a safety violation. Both track segments have a mean gage of — 
$7.0 in. In segment ‘“‘B’’ there is zero probability of finding a value of track 
4 _ gage which violates the class three limit. In segment ‘‘A’’ there is a probability - 
of 0.125 of a random gage observation exceeding in class limit. 

. Table 2 lists actual data recorded by the FRA’s track commaae car on a 


| 
— 
<> 
i 
values shown are sample statistics, i.e., sample mean, sample 
| we. 


“deviation, and the ninety- “ninth percentile level in the sample. Segment length 
re is included in order to provide an indication of sample size. In each a 


_ data was recorded every foot. Of particular interest is the contrast in segments 
_fumber 233 and 284. While both have essentially the same mean gage the measures 
. of extremum (variance and ninety-ninth percentile) indicate that there are gage 
_ The automatic track cars are capable | of measuring a of 
4 different geometry parameters in addition to track gage including cross level - 
and warp. Each of these geometry parameters has a density distribution over od 
; a segment | of track which i is defined by al number of statistical Parameter, €.8. = 


affect vehicle behavior. One promising technique is to model the vehicle as B 
a mathematical function which operates on an input signal, i.e., the track geometry ; 
— (2,5). Other attempts at relating vehicle behavior to track geometry have utilized 


empirical data, e.g., derailments, in regression on modeling cy 
TABLE 2.—Main Line Test Section Segment Sample Data 


Segment | | length, Sample Sample | 99% of 


A 


A significant problem in the use of geometric TQIs is the lack of a constitutive - 
~ relationship for the behavior of track under load. Although track structure is — 
often approximated a: as elastic, its behavior is both stress dependent and stresspath hs 
a _ dependent. The development of a constitutive relationship for track is an area 


of intensive research (6,9) 


it is apparent on any parametric of quality be able able. 
1. Originate with a definition of track’ s performance e.g. 
minimize probability of derailment at speeds of up to fiftyMPH. = a 
_ 2. Incorporate vehicle dynamics in cs in ascertaining track’s ability to satisfy its 


performance requirements, 


Z a Provide a measure of the probability ofa discrete f ailure i in track performance 


{ 
| 
addition To an overall measure oF track quality. will require two lames 


of TQIs, one of which i is a measure of extremum and the other which meneuees > 


centraltendency ofadistribution, q 


r 


_ 4, Somewhere, either in the TQI itself or in the functional relationship © 
_ describing its rate of change, incorporate pertinent physical characteristics of YS 
the track which are not capable of being recorded automatically. 
Efforts to develop such a parameter in Europe as well as in this country © 
are underway. Conrail and the FRA currently have a cooperative program — 
Bore ree in an attempt to formulate su such a number based on automatic track 
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Discussions may be on any paper or technical note published in any 
_ Journal or on any paper presented at any Specialty Conference or other meeting, the Proceedings 
of which have been published by ASCE. Discussion of a paper/technical note is open to 
anyone who has significant comments or questions regarding the content of the paper/ technical 
note. Discussions are accepted for a period of 4 months following the date of publication 

of a paper/technical note and they should be sent to the Manager of Technical and Professional 
Publications, ASCE, 345 East 47th Street, New York, N.Y. 10017. The discussion period may 

be extended by a written request from adiscusser, 

_ The original and three copies of wad Discussion should be submitted on 8-1 /2-in. — 

_ by 1l-in. (280-mm) white bond paper, typed double-spaced with wide margins. The length of 
4 a Discussion is restricted to two Journal pages (about four typewritten double-spaced pages - 

of manuscript including figures and tables); the editors will delete matter extraneous to the : 

subject under discussion. If a Discussion is over two pages long it will be returned for shortening. — sf ; 

All Discussions will be reviewed by the editors and the Division’s or Council’s Publications — = 

Committees. In some cases, Discussions will be returned to discussers for rewriting, or they 
_ may be encouraged to submit a paper or technical note rather thana Discussion. 
Standards for Discussions are the same as those for Proceedings Papers. A Discussion is 

subject to rejection if it contains matter readily found elsewhere, advocates special interests, oe) 

is carelessly prepared, controverts established fact, is purely speculative, introduces personalities, 

or is foreign to the purposes of the Society. All Discussions should be written in the third 

_ person, and the discusser should use the term “‘the writer’’ when referring to himself. The | 
author of the original paper/technical note is referred to as ‘‘the author.” 
Discussions have a specific format. The title of the original paper/technical note appears 

at the top of the first page with a superscript that corresponds t toa | footnote indicating the 


3 name should be indicated below the title a Discussions herein as | an 3m example together 7 
__ The discusser’s title, company affiliation, and business address should appear on the first 
_ page of the manuscript, along with the Proceedings paper number of the original paper / technica! 
~ note, the date and name of the Journal in which it appeared, and the original author’s name. 
_ Note that the discusser’s identification footnote should follow consecutively from the original 
_ ‘paper /technical note. If the paper/technical note under discussion contained footnote numbers 
and 2, the first Discussion would begin with footnote 3, and subsequent would 
ia Figures supplied by the discusser should be designated by letters, starting with A. This also — 
applies separately to tables and references. In referring to a figure, table, or reference that 
_ appeared in the original paper/technical note use the same number used in the original. 
It is suggested that potential discussers request a copy of the ASCE Authors’ Guide to 
~ the Publications of ASCE for more detailed information on preparation and submission of — 
Manuscripts. 
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‘noite ENVIRONMENTAL CONSIDERATIONS in HicHway PLANNING” 
» doom Discussion by by William R. Green fie 
of) mot vorsqintneg bosd-beord Yo ofT 


= authors are to be commended for their objective and constructive raged 


comment based on experience : as Caltrans’ Chief of Office of Standing 
_ and Design, which had a primary responsibility for developing statewide policies 
ie and instructions to cope with the rapid changes in planning gpm brought 


First, it can’t be overemphasized that the regulations promulgated as a result 
of the passage of NEPA and CEQA had a significant impact on the games 
and design of public works projects and private development. Rots we ieee 
‘The impact was not caused, in Caltrans’ case at least, by the imposition 
of totally new requirements which we have 1 never done before. Caltrans had— 
4 been a leader in environmental and aesthetic considerations long before NEPA, — 
_ and had received national awards and recognition such as the Annual Parade 
_ Magazine award for Route 88 and many FHWA prizes. A unit in Caltrans 
called Community and Environmental Factors Unit (CEFU), which preceded = 
the present Office of Environmental Planning, made significant contributions 
_ Rather, it was because the new requirements | were applied retroactively to M4 
projects which, as the authors noted, had been in the planning and design pipeline _ 
for many years, with major decisions such as route location, width of median — 
and R/W, interchange location, etc., already made. In many cases, most of a 
the R /W had already been purchased, and as the authors noted, development — 
- _ constructed up to the future R / W lines, effectively foreclosing any other location. 
It shouldn’t be surprising then, that the detailed study, consideration, and 
_ documentation of location or scope alternatives required for these projects were Pe 
_ seen as completely unrealistic (such as ‘‘no project” for a 5-mile gap in 50° “I 
miles of existing full Interstate freeway) and met with something less than a 
- overwhelming enthusiasm by Caltrans engineers. The large amount of work | 
_- required, the time delay, and considerable expense, both in staff costs and ; 
inflated construction costs caused by delay, were seen largely as paperwork 
exercises with little or no purpose other than ocumentation to be served; 


"July, 1980, by John J. Meersman and Leonard Ortolano (Proc. Paper 15525). 
Chf. Office of Office Engr., of Transportation, N St. »Secramento, 


e implementing regulations during the decade of the 1970s. It is hoped that — 
comments will s he authors’ article by addins insisht from a di 
| 
i qf 
| 
| environmental considerations in making the past major —] 
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AS the authors pane} one of the n most important factors in coping with any 
ame is people’s attitude. If the reasons for the change are understood, and 
_ they’re seen as necessary (which is management’s job to accomplish), | a positive 
_ attitude can result which will minimize problems. In Caltrans, as we have — 
progressed beyond pipeline projects and _ been able to apply eaviccamentel 
.. 3 requirements to new projects, where changes can be made to reduce or eliminate 
| ‘impacts in a timely fashion, the desirability and advantage of full consideration 
of all social-environmental-economic (S-E-E) effects | is much more apparent, 
and attitudes are correspondingly more positive. 
oa The desirability of broad-based public participation from the early Planning — 
‘stages is noted. The writer fully agrees and feels that the one formal hearing — 
now required at the time of circulation of the DEIS should be a mere formality 
_ if planners have done their job. There should be no surprises at this time if 
the concerns and positions of affected agencies and groups have been identified " 
during the | planning process. Unfortunately, it is an almost universal human _ 
trait to hope that potential or identified problems will disappear if ignored long - 
enough, and Caltrans is not unique in having its share of human beings. It _ 4a 
4 was suggested that Project Development teams would benefit from a broad-based | 
membership. Caltrans team memberships can be quite broad, depending on the _ 
5 project, and have included Sierra Club representatives, Highway Patrol, Citizen _ 
F Aesthetic Advisors, Department of Fish and Game, FHWA, and so on. It has 
- been our experience that valuable contributions can be made by these outside _ 
_: The authors stated that the Caltrans Action Plan was adopted in July, 1973 
- and, therefore, their survey was based on events after November, 1973 when 


_ the Action Plan was in full effect. In the writer’s opinion, it took much longer 
than that for it to become well understood, since a number of new requirements — 
Landscaping seems to be considered by the authors as environmental mitigation. 
Caltrans regards landscaping, which it has provided for many years, more a 

the last element of a complete project. ome 

ave , provided considerable insight into this subject and are i. 


be commended On aminteresting approach, 
6) athe to sith iw. 
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: dur 
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_ appear on ‘the first page of the paper. Authors | need no not be Society members. "= 


All | mathomation must be typewritten and must be identified properly. The 
- q letter symbols used should be defined where they first appear, in figures, tables, or text, and | 


arranged alphabetically in an appendix at the end of the paper titled Appendix.-—Notation. _—— 


ae 6. Standard definitions and symbols should be used. Reference should be made to the lists 
= published by the American National Standards Institute and to the Authors’ Guide to the Publications — 


— 7 oceiin should be drawn in black ink, at a size that, with a 50% reduction, would have 
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Il. A summary of approximately 40 words must accompany the paper. | 7 na 


A set of conclusions must end the paper. 
13. Dual units, i.e., U.S. Customary followed ved by SI (International System) | units inp parenthese 


14. A practica’ al applications section should be included also, ‘if appropriate 
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